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This  report  describes  the  methodology  and  results  of  an  aquatic  field 
survey  conducted  at  the  Iowa  Army  Ammunition  Plant  (IAAP)  during  1975. 

The  purpose  of  this  study  was  to  establish  the  biological  and  chemical 
impacts  of  the  discharges  of  a munitions  load/assembly/pack  (LAP)  facility. 
The  most  significant  munitions  component  handled  at  this  facility  is 
trinitrotoluene  (TNT) . 
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The  IAAP  is  located  ten  miles  west  of  Burlington,  Iowa.  Three  streams 
originate  on,  or  pass  through,  the  plant  property.  Brush  Creek  originates 
on  plant  property  and  receives  the  greatest  input  of  treated  wastewater 
discharges.  Consequently,  this  stream  received  the  primary  interest  during 
the  study. 

Two  field  surveys  were  conducted,  one  during  the  spring  period  (19-27  June), 
and  the  other  during  the  fall  (6-16  October)  .-^Samples  were  obtained  from 
eight  stations  established  in  Brush  Creek,  plus  from  two  stations  in 
Spring  Creek  in  an  attempt  to  discern  any  impact  attributable  to  the  explosives 
disposal  area.  In  addition,  seven  industrial  outfalls  were  monitored  during 
the  field  sampling  program.  The  stream  stations  were  established  so  as  to 
facilitate  the  correlation  of  stream  conditions  with  industrial  outfalls. 

Water  samples  were  obtained  at  each  of  the  stream  stations  on  five  consecutive 
days  during  each  survey,  using  a grab  sampling  technique.  In  addition,  each 
of  the  seven  industrial  outfalls  was  sampled  five  times  during  each  survey. 
Samples  were  collected  daily  during  the  operation  of  the  facilities,  but 
without  regard  for  exact  time  of  day.  A 48  hour  diurnal  sampling  program 
was  also  included  in  the  first  survey  to  verify  that  no  significant  variations 
in  water  quality  occurred  during  the  sampling  program.  These  samples  were 
characterized  with  respect  to  nutrients,  minerals,  heavy  metals,  and  six 
munitions  related  compounds.  The  munitons  related  compounds  included 
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2.4.6- trinitrotoluene,  2,6-dinitrotoluene,  2,4-dinitrotoluene,  1,3,5- 
trinitrobenzene , 4-hydroxy lamino-2,6-dinitrotoluene,  and  2-hydroxylamino- 

4. 6- dinitro toluene.  Three  sediment  cores  were  taken  at  each  of  the  stream 
stations  on  both  surveys,  with  a similar  analysis  scheme  applied  to  them. 

River  biota  was  studied  in  terms  of  periphyton  diatom  and  non-diatom  algae 
and  benthic  macroinvertebrates.  The  goal  of  this  portion  of  the  study  was 
to  relate  differences  in  biological  community  structures  to  water  and  sediment 
chemistry  data  and/or  to  location  in  and  along  the  stream  in  relation  to 
munitions  containing  discharges. 

Collections  of  periphyton  were  taken  from  both  natural  and  artificial 
substrates.  The  material  collected  from  natural  substrates  was  utilized  for 
species  identification  of  diatom  and  non-diatom  algae.  Periphyton  taken  from 
artificial  substrates  was  used  for  determination  of  species  occurrence, 
ash-free  dry  weight,  chlorophyll  concentration,  and  measurements  of  adenosine 
triphosphate  (ATP) . 

Benthic  macroinvertebrate  communities  were  also  sampled  using  both  natural  and 
artificial  substrates.  The  collections  of  benthic  raacroinvertebrates  were 
used  only  for  the  determination  of  species  abundence  and  occurrence. 

The  water  quality  of  Brush  Creek  is  affected  by  industrial  discharges  as  was 
shown  by  increased  levels  of  major  dissolved  solids  and  biostimulating 
nutrients.  The  average  dissolved  solids  burden  in  the  lower  reaches  of  the 
stream  were  approximately  30  percent  higher  than  the  upstream  reference 
station.  Concentrations  of  phosphorus  and  nitrate-nitrogen  were  also 
noticeably  higher  in  the  downstream  reaches.  Industrial  monitoring  indicated 
that  boiler  blowdown  water  discharging  at  the  north  end  of  the  Group  1 
facility  and  the  discharge  of  the  sewage  treatment  plant  were  the  most 
significant  sources  of  these  increased  levels. 
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Low  levels  of  2,4,6-  trinitrotoluene  (a-TNT)  and/or  its  transformation 
products  were  observed  in  the  aqueous  and  sediment  phases  at  all  stations 
of  Brush  Creek  except  the  reference  station.  In  general,  the  concentration 
of  munitions-related  compounds  was  highest  near  the  industrial  sources,  and 
decreased  with  distance  downstream. 


Minor  variation  between  stations  were  observed  with  respect  to  the  biological 
community.  These  variations  appeared  to  be  of  short  duration,  with  recovery 
of  the  community  observed  at  downstream  stations.  Observed  trends  in  the 
biological  communities  appeard  to  correspond  to  simultaneous  variations 
in  nutrient  levels  and  a-TNT  concentrations  in  the  aqueous  and  sediment 
environments.  It  was  not  possible  to  discern  which  of  these  two  factors, 
or  possibly  some  other  undetermined  factor,  was  responsible  for  the 
observed  effects. 
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CONCLUSIONS 


1.  The  major  influence  of  IAAP  industrial  operations  on  the  water 
quality  of  Brush  Creek  can  be  attributed  to  the  discharge  of 
boiler  blowdown  water  at  station  II,  and  the  discharge  of 
phosphorus-containing  wastes  from  the  sewage  treatment  plant 
and  several  industrial  outfalls. 

2.  Low  levels  of  2,4,6-trinitrotoluene  and  its  transformation 
products  were  observed  in  the  aqueous  and  sediment  phases 
of  Brush  Creek  at  all  stations  except  the  control  station 
Bl.  In  general,  the  concentration  of  munitions-related 
compounds  was  highest  near  the  industrial  sources,  and 
decreased  as  the  stream  descended  to  the  IAAP  boundary. 

3.  High  concentrations  of  2,4,6-TNT  were  found  in  the  sediments 
of  Brush  Creek  station  B4  during  both  survey  periods.  A major 
source  of  these  materials  was  found  upstream  of  this  station, 
at  the  site  of  an  old  "pink  water"  treatment  lagoon. 

4.  When  the  carbon  adsorption  treatment  systems  on  IAAP  processing 
facilities  are  functioning  properly,  the  concentration  of 
munitions-related  compounds  in  the  waters  of  Brush  Creek  can 

be  expected  to  be  in  the  low  parts-per-billion  range. 

5.  The  occurrance  of  high  concentrations  of  2,4,6-TNT  in  non- 
flooded  soils  from  the  old  lagoon  treatment  area  adjacent  to 
Group  1 suggests  that  the  half-life  of  polynitro  aromatics 
is  much  longer  under  these  conditions  than  in  sedimentary 
deposits. 
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6.  Species  diversity  trends  for  both  natural  and  artificial 
substrates  indicated  minor  shifts  between  stations,  however 
any  effect  appears  to  be  of  only  a short  term  duration. 

Recovery  of  the  periphyton  community  was  observed  at  different 
locations  in  the  stream  during  both  surveys,  but  it  was 
always  seen  at  station  B8  in  relation  to  station  Bl. 

7.  Observed  shifts  in  periphyton  species  diversity  correspond 

to  simultaneous  variations  in  nutrient  levels  and  TNT  concentra- 
tions in  the  aqueous  and  sediment  environments. 

8.  The  periphyton  community  occurring  cn  the  sediments  was 
affected  more  (i.e.,  diversity)  in  the  fall  than  in  the 
spring  due  to  higher  sediment  TNT  levels. 

9.  Species  dominance  and  occurrence  was  very  different  during 
both  surveys  indicating  seasonal  changes.  However,  differences 
were  not  great  between  substrates. 

10.  Ash-free  dry  weight,  chlorophyll  a^  and  autotrophic  index  trends 
were  different  between  surveys.  A heterotrophic  population  was 
more  characteristic  of  May-June,  while  in  October  the  population 
was  more  autotrophic. 

11.  Possible  affects  on  the  heterotrophic  species, in  terms  of  ash- 
free dry  weight,  were  observed  in  Brush  Creek  during  the  fall 
survey  only.  There  is  an  indication  that  some  inhibitory 
factor(s)  (i.e.,  TNT)  is  causing  this  trend. 

12.  Benthic  macroinvertebrate  species  associations  and  species 
diversity  were  most  effected  by  the  industrial  waste  effluents 
when  in  direct  contact  with  the  soft  sediments  and  least 
effected  when  associated  with  hard  sediments. 
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13.  Species  diversity  of  the  benthic  macroinvertebrates  indicated  some 
inhibitory  factor  was  present  at  stations  B7  and  B8.  This 
C cannot  be  explained  due  to  the  absence  of  toxicological  data 

with  respect  to  these  compounds  on  such  organisms. 
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SECTION  II 
RECOMMENDATIONS 


The  environmental  fate  of  2,4,6-TNT  should  be  further  investigated 
to  identify  the  transformation  pathways  and  determine  whether 
toxic  materials,  such  as  aromatic  polyamines,  are  being  produced 
under  aerobic  and/or  anaerobic  conditions  present  in  water, 
sediment  and  soil  systems.  These  studies  would  be  coordinated 
with  current  photolysis  research  and  focus  on  the  old  treatment 
lagoon  area  near  Group  I and  the  "red  water"  pond  at  Group  800. 

A concerted  effort  should  be  made  to  develop  analytical  methodology 
for  monitoring  RDX  and  HMX  in  the  environment.  After  such  methods 
are  available,  the  fate  of  these  compounds  and  their  transformation 
products  should  be  assessed. 

Study  effects  on  algae  production,  biostimulation  and  inhibition 
of  production  by  algal  assay  against  field  conditions. 

Delineation  of  limiting  factors  (i.e.  water  quality  and/or 
habitat  limitation)  with  respect  to  the  fish  be  attempted  by 
live  box  procedures  in  the  vicinity  of  specific  wastewater  effluents. 
Apparently  fish  avoid  areas  of  waste  discharge. 

Perform  a more  concentrated  study  in  a localized  area  (i.e.  the 
worst  effluent)  of  species  in  mud/silt  sediments  where  TNT  has 
built  up,  and  determine  the  extent  of  the  effect  on  benthic  macro- 
invertebrate diversity. 


SECTION  III 
INTRODUCTION 


GENERAL 

The  Iowa  Army  Ammunition  Plant  (IAAP)  is  a government-owned,  contractor- 
operated,  Class  II  installation.  Until  early  1975  the  installation  was 
divided  into  two  sections,  one  under  the  U.  S.  Army  Ammunition  Procurement 
and  Supply  Agency,  and  the  other  under  the  Atomic  Energy  Commission  (AEC) . 

The  Atomic  Energy  Commission  vacated  their  portion  of  the  facility  prior 
to  the  current  project's  initiation.  The  principal  activity  at  this  facility 
is  the  loading,  assembly,  and  packaging  of  high  explosive  munitions.  This 
function  is  performed  by  the  principal  contractor,  Mason  & Hanger  - 
Silas  Mason  Company,  Incorporated. 

The  IAAP  is  located  ten  miles  west  of  Burlington,  Iowa.  The  plant  consists 
of  approximately  20,000  acres,  of  which  about  7,000  acres  are  leased  for 
agriculture,  7,500  acres  are  forested,  and  the  remaining  acreage  being 
used  for  administrative  and  industrial  operations.  The  plant  facilities  are 
shown  schematically  in  Figure  1. 

RECEIVING  WATERS 

There  are  three  receiving  streams  of  interest  on  the  IAAP  property,  two  of 
which  originate  outside  of  the  plant  and  receive  pollutional  inputs  prior 
to  entering  the  IAAP  property,  and  one  which  originates  on  the  property 
(Figure  1) . 

Long  Creek 


Long  Creek,  which  is  the  westernmost  watercourse,  can  be  subdivided  into 


four  sections.  The  upper  reach  consists  of  the  main  branch  of  the  Creek 
which  enters  the  plant  property  on  it's  western  boundry.  Flow  from  this  reach 
is  derived  primarily  from  agricultural  runoff  and  the  effluent  from  the 
Danville,  Iowa  secondary  sewage  treatment  plant  which  is  located 
approximately  two  miles  upstream  from  the  IAAP.  The  only  direct 
discharge  into  this  reach  from  IAAP  activities  is  the  effluent  from 
Group  3A,  which  consists  of  x-ray  film  processing  wastes  and  treated 
TNT  wastewater.  The  additional  opportunity  for  contamination  of  this 
stretch  of  the  Creek  by  mililary  unique  compounds  exists,  however,  due 
to  its  passage  through  the  test  area  designated  FS  in  Figure  1. 

This  main  branch  is  joined  in  the  FS  area  by  the  second  portion  of  Long 
Creek.  This  second  branch  originates  on  the  IAAP  property  and  receives 
only  surface  drainage  from  the  administrative  area,  and  no  direct 
discharge  from  plant  activities  is  known  to  occur.  The  third  section 
of  this  creek  system  is  Long  Lake,  which  is  a man-made  impoundment  lying 
immediately  downstream  from  the  FS  area.  The  final  segment,  or  lower 
reach,  of  Long  Creek  receives  the  discharge  from  Long  Lake  during  high 
flow  periods,  surface  runoff  from  the  adjacent  land,  and  sand  filter 
backwash  from  the  water  treatment  plant.  The  discharge  from  this  lower  reach 
is  into  the  Skunk  River  which  ultimately  discharges  into  the  Mississippi 
River,  approximately  ten  miles  south  of  Burlington. 

Brush  Creek 

Brush  Creek  flows  through  the  east-central  portion  of  the  plant  and 
ultimately  into  the  Skunk  River.  It  drains  a watershed  of  about 
6,300  acres,  of  which  5,300  acres  are  plant  property.  The  stream 
itself  originates  on  the  plant  property,  and  except  during  periods  of 
rainfall,  its  flew  consists  mainly  of  treated  industrial  waste  discharges 
and  effluent  from  the  main  sewage  treatment  plant  which  services  the  IAAP 
facilities.  It  is  this  stream  which  received  the  primary  interest  during 
the  project  reported  herein. 


STREAM  STATIONS  1974 


STATION  LOCATION 
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Spring  Creek 

Spring  Creek  flows  through  the  eastern  portion  of  the  plant,  ultimately 
discharging  into  the  Mississippi  River,  The  upstream  portion  consists 
of  two  branches:  the  westernmost  branch  consists  of  surface  runoff  alone 

as  it  enters  plant  property  and  is  susceptible  to  military  unique  contami- 
nation as  a result  of  its  passing  through  the  explosive  disposal  area; 
the  easternmost  branch  consists  of  surface  runoff  and  the  effluent  from 
the  secondary  sewage  treatment  plant  serving  West  Burlington,  Iowa.  The 
stretch  of  the  Creek  on  IAAP  property  downstream  from  the  junction  of 
these  two  branches  receives  no  direct  discharges,  and  any  incremental 
flow  is  derived  from  surface  runoff. 

PERSONNEL  CONTACTED 

The  initiation  date  of  the  subject  contract  was  1 March  1975,  and  was 
basically  a continuation  of  a previous  contract  performed  at  this 
facility  during  the  later  half  of  1974  . Coordination  of  the  project 
with  the  funding  agency  - U.  S.  Army  Medical  Research  and  Development 
Command  (U.S.A.M.R.D.C.)  - was  accomplished  through  Captain  John  P.  Glennon 
and  Dr.  Mark  c.  Warner. 

Individuals  contacted  at  the  IAAP,  and  who  assisted  in  expediting  the 
survey  program  included  the  following: 

Mr.  Thomas  Padley  - Director  of  Operations 
Mr.  George  Mathis  - Chief  of  Production 
Mr.  Jack  Poison  - Laboratory  Director 

Mr.  Ronald  Barron  - Head  Chemist,  Director  of  quality  control 
and  environmental  laboratory 

Mr.  Thomas  Martin  - chemist  in  charge  of  data  gathering  and 
and  report  filing 
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SECTION  IV 

HISTORICAL  INFORMATION 


COMPRENSIVE  SURVEYS 

Two  comprehensive  surveys  were  performed  previously  by  the  US  Army 

Environmental  Hygiene  Agency  (USAEHA)  at  the  Iowa  Army  Ammunition  Plant. 

The  first  of  these  surveys  was  performed  during  13-17  September  1971,  with  the 

purpose  of  evaluating  "...facilities  and  operations  concerned  with 

industrial  and  domestic  wastewater  treatment  and  disposal,  potable  water 

supply,  solid  waste  disposal,  swimming  pool  operation,  and  water 

2 

monitoring  and  pollution  abatement  activities  at  IAAP". 

This  first  survey  determined  potential  pollution  problems  associated 
with  TNT  treatment  by  means  of  leaching  ponds  (which  have  since  been 
abandoned),  and  chromate,  nitrate,  and  phosphate  contamination  from 
container  washing  and  rinsing  operations.  These  potential  problems 
have  been  addressed  since  this  first  survey. 

The  second  survey,  performed  on  10-19  July  1972,  had  as  its  objective 
"...to  determine  and  quantify  the  impact  of  plant  domestic  and  industrial 
waste  discharges  on  local  receiving  streams  and  to  establish  a biological 
baseline  as  a reference  for  future  water  quality  evaluations".  The 
conclusions  arrived  at  as  a result  of  this  study  are  summarized  as 
follows : ^ 

The  effects  of  Iowa  Army  Ammunition  Plant  waste  discharges  can  be  out- 
lined as  follows: 

a.  Long  Creek.  Long  Creek  is  in  a moderately  degraded  condition 
as  it  flows  into  the  Iowa  Army  Ammunition  Plant,  the  cause  of 
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degradation  most  likely  being  effluent  from  the  Danville  Sewage 
Treatment  Plant  and  nutrients  in  surface  runoff  from  surrounding 
farm  land.  Long  Creek  is  of  high  water  quality  as  it  flows 
from  the  plant, 

b.  Brush  Creek.  The  industrial  waste  discharges,  which  form  the 
major  portion  of  the  Brush  Creek  flow,  are  able  to  support  a 
fairly  diverse  aquatic  community.  Effluent  from  the  Main  Sewage 
Treatment  Plant  and  the  fly  ash  storage  area  together  exert  a 
slight  adverse  effect  on  water  quality.  Brush  Creek  is  in  a 
moderately  degraded  condition  as  it  flows  from  the  plant. 

c.  Spring  Creek.  Effluent  from  the  West  Burlington  Sewage  Treatment 
Plant  maintains  the  upper  area  of  Spring  Creek  in  a poor  condition. 
Runoff  from  the  Division  B Burn  Area  does  not  adversely  affect 
water  quality  as  it  flows  from  the  plant. 

d.  Long  Lake  Reservoir.  Long  Lake  Reservoir  was  thermally  stratified 
with  consequent  oxygen  depletion  at  the  lake  bottom  during  the 
sampling  period.  The  moderately  degraded  water  of  the  main  branch 
of  Long  Creek  does  not  adversely  affect  lake  water  quality,  as 
indicated  by  favorable  macroinvertebrate  indices. 

A third  comprehensive  survey  of  the  IAAP  facilities  was  undertaken  during 
the  summer  of  1974  by  Environmental  Control  Technology  Corporation.^  This  was 
a screening  survey  to  establish  the  potential  for  the  site  being  amenable 
to  the  study  of  the  affect  of  munitions  compounds  (specifically  TNT)  on 
aquatic  organisms.  The  results  of  this  survey  indicated  a high  potential 
for  success  of  such  a study,  and  thus  generated  the  project  being  discussed 
herein. 
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MONITORING  PROGRAM 

A routine  water  quality  monitoring  program  at  the  IAAP  has  been  carried 
out  by  the  contractor  since  October  1969.  In  general,  samples  are  taken 
weekly  at  stations  located  at  the  influent  and  effluent  of  the  various 
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streams  traversing  the  property.  A total  of  six  stations  were  so 
established  from  the  inception  of  the  monitoring  program  up  to  the  end 
of  June  1972.  At  that  time  several  sampling  points  were  changed  and  two 
additional  stations  were  established. 

The  parameters  monitored  in  this  program  include  the  following: 


Ammonia  nitrogen 

Arsenic 

Barium 

B.O.D. 

C.O.D. 

Cadmium 

Chloride 

Chromate 

Copper 

Cyanide 

Dissolved  Oxygen 

Flouride 

Iron 

Lead 

Phenol 

Phosphate 

Selenium 

Silver 

Dissolved  Solids 

Suspended  Solids 

Sulfate 

Zinc 

Mercury 

Total  Heavy  Metals 

PH 

Temperature 

Nitrate 

Oil 

The  results  obtained  from  these  analyses  are  summarized  twice  annually, 
and  provide  a comprehensive  data  base  for  the  water  quality  of  the 
streams  as  they  enter  and  leave  the  plant  property.  Unfortunately,  due 
to  the  location  of  these  stations,  more  critical  reaches  of  the  streams 
in  the  interior  of  the  plant  property,  nearer  the  wastewater  outfalls, 
have  no  such  continuous  data  base. 
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FIELD  SURVEY 


. 
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INTRODUCTION 

Two  field  collections  were  carried  out  during  1975,  one  during  the  spring 

period  (19-27  June)  and  one  during  the  fall  period  (6-16  October) . Samples 

were  collected  to  allow  for  the  chemical  analysis  of  water  and  sediments, 

evaluation  of  the  species  diversity  and  distribution  of  periphyton  and 

benthic  macroinvertebrates,  and  potential  for  biodegradation  of  munitions 

compounds.  Samples  of  periphyton  from  selected  stations  were  also 

collected  for  the  analysis  of  ATP,  which  was  then  related  to  periphyton 

chlorophyll  and  ash-free  dry  weight.  Station  locations  used  during  this 

survey  were  established  based  on  the  following  conditions:  a)  the 

present  sampling  program  conducted  by  plant  personnel,  b)  the  effluent 

locations  from  various  operation  groups  and  lines,  and  c)  the  data 

12  3 4 

received  through  past  reports  ’ ’ ’ . Sampling  stations  were  relocated 

before  the  onset  of  the  1975  water  quality  survey  based  on  the  results  of 
the  1974  survey  (see  Figures  1 and  2)1. 


Stream  Station  Location 

The  following  station  scheme  was  observed  during  these  two  recent  surveys; 
refer  to  Figure  2: 

Brush  Creek  - 

Station  B1  is  located  about  155  meters  above  the  1974  B1  station  . 

This  station  is  the  most  upstream,  above  a boiler  blowdown  effluent,  thus 
serving  as  a reference  station  for  Brush  Creek.  The  stream  flows 
intermittently  in  this  particular  area.  When  it  does  flow,  primarily 
during  the  spring  and  early  summer,  it  is  approximately  one  meter  wide 
and  two  to  fifteen  centimeters  deep  at  this  station.  Substrate  tvne  is 
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mud  and  washed  out  top  soil.  Velocity  was  13.1  cm/sec  during  the 
survey,  giving  a flow  of  about  0.014  cubic  meters /second.  No  riffle 
was  present  at  the  station. 

B2  is  equivalent  to  old  station  B1  ^ , and  is  located  downstream  from 
four  industrial  effluents,  II,  12,  13,  and  14  (see  descriptions  to 
follow).  Stream  width  was  1.5  to  1.8  meters  and  depth  was  five  to 
fifteen  centimeters  with  sediments  of  sand,  mud,  charcoal  and  detritus. 
There  was  no  riffle  area  present.  Velocity  was  measured  at  13.1  cms/ 
second  and  16.2  cms/second  for  the  spring  and  fall  collections, 
respectively.  Flow  was  approximately  0.030  cubic  meters/second  during 
the  spring  survey  and  0.024  cubic  meters/second  during  the  fall  survey. 

B3  is  located  just  downstream  from  an  industrial  effluent  originating 
from  Lines  4 and  5.  This  stream  included  a large,  fast  flowing  riffle 
with  velocity  recorded  in  the  spring  at  61  cms/second  and  in  the  fall 
at  104  cms/second.  The  riffle  consisted  of  approximately  60  percent 
gravel  and  coarse  sand,  30  percent  fine  mud  and  detritus  and  10  percent 
rubble.  Stream  width  was  2.4  meters,  with  the  depth  ranging  from  five 
to  twenty  centimeters.  Substrate  in  the  main  channel  consisted  of 
coarse  and  fine  sand.  Velocity  and  flow  readings  were  20.4  cms/second 
and  0.059  cubic  meters/second  in  the  spring  and  7.6  cms/second  and 
0.031  cubic  meters/second  in  the  fall. 

1 

34  is  located  at  the  old  B2  site  . It  is  90-100  meters  upstream  from 
the  most  upstream  effluent  from  Line  2.  Substrate  type  in  the  channel 
varied  between  coarse  gravel,  sand,  and  clay.  Width  was  about  1.8  to 
2.1  meters  with  a depth  of  seven  to  twenty  centimeters.  Velocity 
measured  during  the  spring  was  11.3  cms/second  and  during  the  fall  was 
16.2  cms/second,  with  discharges  of  0.031  cubic  meters/second  and 
0.048  cubic  meters/second,  respectively.  A well  developed  riffle 
was  present  with  a substrate . type  of  80  percent  coarse  gravel  and  sand, 
10  percent  rubble  and  10  percent  muck.  Velocity  readings  ranged  from 
26.5  cms/second  during  the  spring  to  33.5  cms/second  during  the  fall  in 
this  riffle  area. 
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B5  is  located  downstream  from  two  Line  3 effluents,  15  and  16,  and  a 
Line  2 effluent,  17.  Stream  channel  width  was  1.8  and  2.4  meters  and 
two  to  ten  centimeters  deep,  with  sediments  of  coarse  gravel  and  sand. 
Measured  velocities  for  spring  and  fall  were  21.3  cms/second  and  6.28 
cms/second,  respectively,  while  the  calculated  flow  was  0.027  cubic 
meters/second  and  0.088  cubic  meters/ second,  respectively.  There  was 
no  riffle  present  during  the  fall  collection,  however  during  the  spring 
sampling  period  a riffle  area  was  present  where  the  velocity  was 
determined  to  be  34.4  cms/second.  A substrate  type  of  80  percent  charcoal 
and  20  percent  coarse  gravel  and  sand  was  found  at  this  riffle. 

B6  is  located  about  90  meters  upstream  from  the  IAAP  wastewater  treat- 
ment plant.  The  riffle  area  immediately  upstream  gave  velocity  readings 
of  33.5  cms/second  during  the  spring  and  26.5  cms/second  during  the  fall. 
Substrate  type  was  70  percent  rubble  and  30  percent  coarse  gravel  and 
sand,  with  a hard  clay  base.  This  station  includes  a small  pool  with  a 
width  of  1.5  to  2.1  meters.  Depth  was  about  five  to  fifteen  centimeters. 
Coarse  gravel,  sand  and  charcoal  were  the  substrate  types.  Stream 
velocity  measured  in  the  pool  channel  was  15.2  cms/second  yielding  a 
flow  of  0.042  cubic  meters/second  in  the  spring.  Values  of  28.3  cms/second 
and  0.047  cubic  meters/second  were  the  velocity  and  flow  measurements 
during  the  fall  collection  period. 

B7  is  located  about  23  meters  downstream  from  the  IAAP  wastewater  treat- 
ment plant  and  parallels  the  old  station  B4  . Width  was  4 to  4.5 
meters  and  depth  was  five  to  twenty  three  centimeters.  Substrate  type 
consisted  of  coarse  gravel,  sand,  charcoal,  and  mud.  Velocity 
and  flow  readings  were  15.2  cms/second  and  0.082  cubic  meters/second 
during  the  fall  periods.  No  well-defined  riffle  was  present 
during  the  fall  collection  due  to  high  water  levels.  The  riffle  in 
spring  exhibited  a velocity  of  26.5  cms/second.  About  80  percent 
coarse  sand,  pebbles,  and  charcoal,  and  20  percent  fine  sand  made  up 
the  substrate  type. 

B8  is  located  at  the  old  B5  station  1 , over  sixteen  hundred  meters 
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downstream  from  the  B7  station.  This  station  serves  the  function  of 
measuring  recovery  should  detrimental  effects  be  observed  in  the 
upstream  areas.  The  large  pool  at  this  station,  width  of  4 to  4.5 
meters,  and  depth  of  thirteen  to  twenty  five  centimeters,  had  a 
tendency  to  collect  large  mats  of  Cladophcra,  five  to  ten  centimeters 
thick,  during  the  spring.  Coarse  sand,  mud  and  detritus  was  the 
substrate  type.  Velocity  readings  during  the  spring  and  fall  surveys 
were  15.2  cms/second  and  24.4  cms/second,  respectively,  yielding 
discharges  of  0.153  cubic  meters/second  and  0.183  cubic  meters/second, 
respectively.  The  riffle  was  located  about  9 meters  upstream  from  the 
pool.  Velocity  measurements  were  45.7  cms/second  during  both  spring 
and  fall.  Substrate  type  was  50  percent  rubble  and  40  percent  gravel, 
rocks,  and  coarse  sand. 

Spring  Creek  - 

51  is  located  on  the  westernmost  branch,  upstream  from  all  known 
effluents,  and  about  385  meters  upstream  from  the  explosive  disposal 
area.  This  area  receives  mostly  surface  runoff  and  is  the  Spring  Creek 
reference  station.  Width  was  1.5  to  2 meters  and  depth  was  five  to 
twenty  three  centimeters.  Substrate  type  was  mostly  silt  and  sand. 
Velocity  ranged  from  20.4  cms/second  in  the  spring  to  no  flow  during 
the  fall.  The  flow  in  June  was  0.32  cubic  meters/second.  The  riffle 
area  was  small  during  the  spring  collection  with  substrate  type  of 
pebbles  and  stones. 

52  is  located  downstream  from  the  explosive  disposal  area  and  upstream 
from  the  confluence  with  the  east  branch.  This  station  included  a 
large  and  deep  pool  having  a width  of  four  to  five  meters  and  depth 

of  ten  to  forty  three  centimeters.  Velocity  readings  were  9.1  cms/ 
second  and  30.5  cms/second  for  spring  and  fall,  respectively,  with 
flows  of  0.14S  cubic  meters/second  and  0.037  cubic  meters/second. 

The  riffle  area  was  further  upstream  from  the  pool  area  and  had  a 
velocity  of  3.4  cms/second  during  the  spring.  There  was  no  riffle 
area  during  the  fall  collection.  The  substrate  at  this  station  had  a 
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fine  to  heavy  cover  of  silt. 


It  should  be  noted  that  station  designations  refer  to  zones  rather 
than  single  point  locations.  Such  "station  zones"  in  the  stream 
included  riffle,  pool  and  run  or  channel  characteristics,  covering  an 
approximate  stream  distance  of  90-100  meters.  These  zones  were 
established  so  that  no  discharges  occurred  within  them.  Most  streams 
had  sufficient  riffle  areas  for  the  June  collection,  with  the  exceptions 
of  stations  B1  and  B2.  Similar  conditions  existed  during  October  but 
due  to  higher  water  levels  resulting  from  high  discharge  levels  from 
the  domestic  waste  treatment  plant,  station  B7  exhibited  no  riffle. 

Also,  due  to  drought  and  low  flow  conditions,  as  well  as  siltation 
resulting  from  nearby  construction,  stations  SI  and  S2  also  had  no 
riffle  areas  during  October. 

In  June,  light  construction  was  in  progress  around  Spring  Creek  outside 
of  the  IAAP  boundaries,  resulting  in  station  SI  encountering  a small 
amount  of  siltation.  During  the  October  collection  the  siltation  had 
increased  because  the  construction  operations  had  moved  closer  upstream. 
Silt  at  this  time  was  also  being  noticed  at  the  S2  station. 

Industrial  Station  Location  (Figure  3 ) 

Industrial  station  1 is  situated  adjacent  to  the  power  generating 
plant  at  the  north  end  of  IAAP  Group  1.  The  effluent  discharged  here 
consist  largely  of  boiler  blowdown  water  and  varies  in  temperature 
from  30°C  to  approximately  70°C.  Due  to  the  physical  configuration 
of  the  outfall  and  the  high  effluent  temperature,  flow  measurements 
of  from  0.015  to  0.020  cubic  meters  per  second  were  recorded  just  down- 
stream in  a ditch  which  carries  the  effluent  to  Brush  Creek.  Industrial 
station  2 is  located  at  the  Group  1 security  fence,  approximately  1000 
meters  due  west  of  building  1-04.  The  source  of  this  effluent  is 
uncertain,  however  the  flow  was  essentially  constant  throughout  both 
survey  periods.  Absolute  flow  at  this  station  could  not  be  measured 
due  to  the  physical  characteristics  of  the  outfall,  but  estimates 
place  the  discharge  between  0.0001  to  0.0003  cubic  meters  per  second. 
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Figure  3.  Schematic  of  Iowa  Army  Ammunition  Plant  Study  Area  - 1975. 
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Industrial  station  3 is  also  located  at  the  security  fence  of  Group  1, 
approximately  1200  meters  south  of  Industrial  station  3 and  1000  meters 
west  of  the  Group  1 TNT  melt  buildings.  The  effluent  is  believed  to 
originate  from  these  two  facilities  (Building  1-05-1  and  1-05-2) . 

Again  in  this  case,  physical  characteristics  of  the  outfall  precluded 
accurate  measurement  of  the  discharge,  however  the  flow  was  estimated 
at  from  0.0001  to  0.0003  cubic  meters  per  second.  Variations  in  the 
flow  were  observed  during  the  two  survey  periods. 

Industrial  station  4 is  situated  approximately  700  meters  south  of 
station  3,  along  the  Group  1 security  fence.  It  empties  almost 
directly  into  Brush  Creek  at  a point  1000  meters  due  west  of  building 
1-10.  The  effluent  is  thought  to  originate  from  TNT  processing  operations 
conducted  in  the  south  half  of  the  Group  1 installation.  The  flow  at 
this  outfall  varied  significantly  during  both  the  summer  and  fall  survey 
periods,  with  maximum  observed  discharges  of  from  0.0003  to  0.0005  cubic 
meters  per  seocond. 

Industrial  station  5 is  located  at  the  security  fence  of  Group  3, 

1000  meters  due  east  of  building  3-04.  A flow  of  from  less  than  0.0001 
cubic  meters  per  second  is  believed  to  originate  from  the  metal 
refinishing  operations  being  conducted  in  buildings  3-01  and  3-04  of 
the  Group  3 installation. 

Industrial  station  6 is  located  1600  meters  south  of  station  5,  also 
along  the  security  fence  of  Group  3.  This  station  is  intended  to  collect 
effluent  from  the  carbon  contact  columns  adjacent  to  buildings  3-05-1 
and  3-05-2.  No  flow  was  ever  observed  during  the  two  survey  periods, 
apparently  resulting  from  the  inactivity  of  these  two  TNT  melt  facilities. 

Industrial  station  7 is  situated  at  the  security  fence  of  Group  2, 

700  meters  west  of  building  2-05-2.  The  effluent  at  this  outfall 
originates  at  the  two  carbon  contact  treatment  facilities  adjacent 
to  the  TNT  melt  buildings  2-05-1  and  2-05-2.  The  water  discharged 
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here  is  primarily  washdown  water  generated  in  the  processing  of 
explosives  such  as  composition  B and  other  TNT/RDX  materials.  The 
flow  at  this  station  was  found  to  vary  somewhat,  with  average  values 
ranging  from  0.0015  to  0.0017  cubic  meters  per  second. 

The  industrial  stations  outlined  above  do  not  comprise  all  of  the 
point  and  non-point  source  tributaries  of  Brush  Creek  within  the  IAAP 
boundary.  They  do,  however,  include  all  of  the  munitions  related 
discharges  which  could  be  identified  as  potential  sources  of  munitions 
compounds  in  this  small  stream.  From  Figure  3,  it  is  evident  that 
industrial  outfalls  1 through  4 discharge  to  Brush  Creek  between 
stream  stations  B1  and  B2.  There  are  no  known  point  source  discharges 
containing  munitions  compounds  between  stream  stations  B3  and  B4. 
Industrial  outfalls  5 through  7 discharge  to  Brush  Creek  between  Bl  and 
B5.  There  are  no  known  point  source  discharges  of  munitions  compounds 
between  B5  and  £6.  The  IAAP  sewage  treatment  plant  discharges  between 
B6  and  B7,  and  there  are  no  further  known  point  source  discharges  of 
munitions  compounds  into  Brush  Creek  to  the  IAAP  plant  boundary. 

There  are  no  known  point  source  discharges  of  munitions  bearing  wastes 
upstream  of  station  S2  on  Spring  Creek.  The  revised  station  scheme  for 
the  1975  wafer  quality  survey  was  designed  with  reference  to  specific 
industrial  waste  outfalls.  Survey  criteria  were  in  accordance  to  the 
objectives  of  Phase  II  - Parts  1 and  2 of  the  original  proposal  with 
minor  revisions  to  investigate  or  characterize  specific  waste  effluents. 
The  following  objectives  were  to  be  met: 

Task  1.  Physical/Chemical  Survey  - Conduct  a point  discharge  (effluent) 
sampling  program  to  characterize  and  evaluate  the  variability  in  the 
effluents  during  the  period  of  the  survey.  Conduct  a stream  sampling 
pregram  to  characterize  and  evaluate  the  variaoility  of  stream  water 
chemistry.  Samples  for  analysis  will  be  collected  at  or  near  the 


biological  sampling  stations  to  measure  standard  water  quality  and 
munitions  compounds.  Sediment  samples  were  to  be  taken  at  the  stream 


sampling  stations  to  determine  the  variability  of  munitions  compounds 
and  nutrients  contained  in  the  sediments.  Stream  stations  will  be 
physically  characterized  as  to  width,  depth,  flow,  velocity,  and 
sediment  description. 

Task  2.  Periphyton  - Conduct  sampling  at  the  stream  stations  to  define 
and  describe  the  variations  in  periphytic  macrocommunities,  limited  to 
diatoms  and  filamentous  algae,  collected  from  both  natural  and  artificial 
substrates.  Variations  in  species  associations,  organic  biomass,  and 
chlorophyll  a were  to  be  described  as  they  occurred  between  stream 
stations. 

Task  3.  Macro invertebrates  - Conduct  sampling  at  the  stream  stations  to 
define  and  describe  the  variations  of  the  benthic  macroinvertebrate 
communities.  Both  natural  and  artificial  substrate  collections  were  to 
be  used  to  describe  variations  in  population  structure. 

Task  4.  ATP  Measurements  - The  measurement  of  adenosine  triphosphate 
(ATP)  will  be  conducted  on  microbial  communities  ■'f  sediments  and 
periphyton  from  artificial  substrates.  This  is  to  be  the  initial 
approach  to  Phase  II  - Part  2 objectives  in  an  effort  to  describe  potential 
effects  on  primary  productivity  and  microbial  activity. 


FIELD  METHODOLOGY 
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Chemistry 

The  chemistry  sampling  program  at  the  IAAP  was  designed  to  evaluate  the  impact  of 
various  munitions  processing  installations  on  the  water  quality  of  Brush  Creek. 

To  this  end,  eight  sampling  stations  were  set  up  along  the  stream  and  seven 
point  source  sampling  stations  were  located  at  discharges  of  the  industrial 
facilities  adjacent  to  the  stream.  Two  sampling  stations  were  situated 
on  Spring  Creek  to  serve  as  controls  for  the  Brush  Creek  stations  since 
the  upstream  section  of  Brush  Creek  consists  primarily  of  industrial 
process  wastewater. 

Each  of  the  stream  and  industrial  stations  was  sampled  five  times  during 
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both  the  summer  and  fall  survey  periods.  Sampling  was  conducted  only 
during  periods  of  production  line  operation.  A summary  of  the  production 
activities  of  each  IAAP  group  is  outlined  in  Table  1.  It  is  noteworthy 
that  according  to  IAAP  personnel,  plant  operations  were  at  approximately 
10  percent  of  rated  capacity.  Thus,  the  impact  of  the  processing  installa- 
tions on  stream  conditions  are  approaching  the  lowest  that  could  exist 
without  a full  scale  shutdown  of  the  munitions  processing  parts  of  the 
plant. 

Water  samples  were  collected  daily  during  the  operation  of  the  processing 
facilities  but  without  regard  for  exact  time  of  day.  At  each  stream  and 
industrial  station,  approximately  four  gallons  of  water  was  collected  and 
composited  in  plastic  buckets.  The  sample  was  then  poured  off  into  five 
subsample  containers,  one  for  each  preservative  to  be  used  and  a fifth 
for  analyses  to  be  performed  immediately  upon  returning  to  the  field 
laboratory.  Temperature  was  recorded  at  the  sampling  site,  although  no 
deviation  from  ambient  (i.e.  approximately  25°C  during  the  summer  survey 
and  15°C  during  the  fall  survey)  was  observed  at  any  station  except  industrial 
station  1.  After  pouring  off  the  sample  into  the  appropriate  subsample 
vessles,  all  containers  were  stored  in  ice  chests  until  received  at  the 
field  laboratory. 

IAAP  contractor  personnel  kindly  provided  laboratory  facilities  for  the  summer 
and  fall  survey  periods,  so  the  analysis  of  samples  for  certain  parameters 
was  conducted  immediately  upon  receipt  of  the  samples  from  the  field.  These 
included  pH,  alkalinity,  dissolved  oxygen,  BOD  and  specific  conductance. 
Dissolved  oxygen  was  measured  within  one  hour  of  sampling,  with  the  remaining 
analysis  performed  within  four  hours.  A one  liter  polyethylene  container 
which  had  been  filled  to  exclude  air  space  was  used  for  these  analyses.  A 
second  one  liter  polyethylene  container  filled  to  the  brim  was  transported  and 
stored  at  4°C  until  analysis  of  total  solids,  total  suspended  solids,  chloride, 
sulfate,  hardness,  sodium  and  potassium  was  completed  in  Ann  Arbor.  The 
subsample  for  trace  metal  analysis  was  stored  in  polyethylene  and  preserved 
by  adding  10  ml  reagent  nitric  acid  per  liter  of  sample.  A 2.4  liter  glass 
container  was  used  to  store  the  subsample  for  nutrient  analysis.  Reagent 
sulfuric  acid  was  added  at  a concentration  of  2 ml  per  liter  of  sample  to 


22 


r 


i 


j 


Table  1.  INDUSTRIAL  OPERATION'S  AT  IOWA  ARMY 
AMMUNITION  PLANT  - JUNE  1975 


Facility 

Process  Elements 

Production  Status 

Group  1 

Octol 

Active 

Group  2 

Composition  B,  Octol 

Active 

Group  3 

Composition  B,  Metal 

Processing 

Active 

Group  3A 

Composition  B 

Active 

Group  4 

Assembly 

Active 

Group  5A 

TNT 

Active 

Group  5B 

(Not  Available) 

Inactive 

Group  6 

Detonators 

Inactive 

Group  7 

Boosters,  Black  Powder 

Inactive 

Group  8 

Fertilizer 

Inactive 

Group  9 

Fuses,  Black  Powder 

Active 

Group  800 

Composition  B,  Metal 

Processing 

Active 

inhibit  biological  activity  and  retard  the  transformation  of  nitrogen  forms. 

This  nutrient  subsample  was  also  transported  and  stored  at  4°C  until  all 
required  analyses  had  been  completed.  The  subsample  for  munitions  compounds 
analysis  was  stored  in  four  liter  brown  glass  bottles  with  teflon  lined  caps. 
Upon  receipt  in  the  field  laboratory,  the  samples  were  poured  off  to  the 
3.8  liter  mark  and  50  ml  of  benzene  ("Distilled  in  Glass",  Burdick  and 
Jackson,  Muskegon,  MI)  was  added.  The  sample  was  then  stirred  for  ten 
minutes  at  a sufficiently  rapid  rate  to  insure  uniform  dispersion  of  the 
benzene  solvent.  This  procedure  serves  two  purposes.  First,  biological 
alternation  of  the  munitions  compounds  is  inhibited  due  to  the  extreme 
biocidal  character  of  benzene.  Secondly,  the.  munitions  compounds  and  their 
benzene  soluble  transformation  products  are  isolated  from  the  aqueous  phase, 
which  retards  chemical  alternation  of  the  compounds.  After  ten  minutes  of 
stirring,  the  sample  was  capped  and  prepared  for  shipping  back  to  Ann  Arobr, 
where  the  extraction  procedure  would  be  completed.  As  a further  means  of 
stabilizing  the  munitions  compounds,  all  such  partially  extracted  samples 
were  transported  and  stored  at  4°C  until  the  extraction  procedure  had  been 
completed.  All  analyses  and/or  sample  preparation  and  preservation  were 
performed  within  four  hours  of  actual  sampling. 

After  the  five  daily  water  samplings  had  been  gathered,  and  the  preliminary 

water  quality  of  the  industrial  effluents  established,  a diurnal  sampling 

program  was  initiated  in  order  to  verify  that  the  stream  water  quality  did 

not  vary  significantly  during  the  period  when  normal  sampling  was  not  performed. 
•k 

Automatic  samplers  were  placed  at  stream  stations  B1  and  B8.  Samples  were 
taken  once  an  hour  for  48  hours.  The  samples  were  stored  on  ice  inside  the 
automatic  sampler  to  minimize  changes  in  water  chemistry.  They  were  collected 
by  laboratory  personnel  and  analyzed  for  pH  and  specific  conductance  every  12 
hours.  Since  production  at  the  IAAP  was  limited  to  the  day  ar.d  afternoon 
shifts  during  the  two  survey  periods,  and  since  the  summer  diurnal  study 
confirmed  that  the  water  quality  of  Brush  Creek  did  not  change  signif- 
icantly during  the  period  of  no  sampling  activity,  a diurnal  study  was 
not  performed  during  the  fall  survey  period. 


Sediment  samples  were  collected  after  all  water  sampling  was  complete. 
At  the  outset  of  the  summer  survey  period  a ..one  was  marked  off  from 
which  sediment  samples  were  to  be  gathered.  Care  was  taken  to  insure 
that  these  zones  were  not  disturbed  during  other  stream  sampling.  The 
same  zones  were  used  to  gather  sediments  for  both  the  summer  and  fall 
surveys.  As  a result  of  this,  differences  in  sediment  chemistry  at  a 
given  station  between  summer  and  fail  samplings  may  be  interpreted  as 
a change  in  the  character  of  .the  stream  bottom  deposits. 

Two  inch  diameter  polycarbonate  core  tubes  were  used  to  gather  all 
sediment  samples.  Each  tube  has  air-tight  end  caps  which  are  removed 
before  pressing  the  transparent  sleeve  into  the  sediment.  Once  the 
tube  has  been  pressed  to  the  desired  depth,  the  top  is  capped  and  the 
tube  is  withdrawn  with  core  sample  intact.  The  bottom  is  then  capped 
and  the  sample  is  frozen.  Three  core  samples  were  gathered  from  each 
stream  station  during  each  of  the  two  survey  periods.  The  cores  were 
frozen  with  dry  ice  immediately  after  sampling  and  stored  in  this 
condition  until  analysis  could  begin. 


Biolos 


Periphyton  - 

Collections  of  periphyton  were  taken  from  both  natural  and  artificial 
substrates.  The  material  collected  from  natural  substrates  was  utilized 
for  species  identifications  of  diatom  and  non-diatom  algae.  Periphyton 
taken  from  artificial  substrates  was  used  for  determination  of  species 
occurrence,  ash-free  dry  weight,  and  chlorophyll  concentration. 

Collecting  periouyton  from  both  natural  and  artificial  substrates  enabled 
the  determination  of  the  complete  attached  algal  community  and  to 
identify  the  population  available  to  colonize  the  artificial  substrates. 


Natural  substrates  - Sampling  from  natural  substrates  included  the 
haptobenthos , i.e.,  solid  surfaces  such  as  submerged  rocks  and  wood, 
and  the  herpobenthos,  i.e.,  growths  on  mud  or  mud/sand  surfaces'*  . The 
solid  surfaces  of  rocks  and  wood  were  scraped  with  a pocket  knife  and 
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forceps  and  the  material  was  placed  in  vials.  Collections  from  rock 
surfaces  and  wood  surfaces  were  treated  independently  from  each  other. 
Several  submerged  rock  and  wood. surfaces  were  sampled  as  well  as  sampling 
all  possible  positions,  sides,  or  areas  of  these  substrates  with 
reference  to  direction  of  flow  and  direction  of  sunlight.  An  attempt 
was  made  to  sample  all  possible  microhabitats  on  rock  and  wood  surfaces. 
This  was  to  insure  a sample  representative  of  the  entire  attached 
algal  community  and  was  an  attempt  to  prevent  the  sole  sampling  of 
isolated  microhabitats  which  may  be  dominated  by  a select  species. 

Vials  were  appropriately  labelled  and  the  collections  were  preserved 
with  a two  percent  formalin  solution. 

Material  growing  on  the  surface  of  sediments  was  collected  by  gently 
lifting  the  surface  "film"  or  "floe"  with  a knife  blade  or  by 
oipetcing  the  "floe".  Similar  to  sampling  the  haptobenthos  many, 
surfaces  were  collected  to  prevent  the  sampling  of  a single  isolated 
species  or  species-complex  which  could  inhabit  a unique  zone.  Again 
the  attempt  was  made  to  collect  from  all  possible  zones  or  areas  of  the 
herpobenthos.  The  pipets  used  for  removing  the  "films"  or  "floes"  had 
a wide  diameter  opening  to  prevent  size  discrimination  of  periphytic 
organisms.  Sediment  surface  samples  were  placed  in  single  vial  and 
preserved  with  a two  percent  formalin  solution.  Vials  were 
appropriately  labelled  arid  the  sample  treated  independently  of  the 
samples  collected  from  rock  and  wood  surfaces. 

Artificial  substrates  - Artificial  substrate  samplers  were  used  to 

achieve  consistency  between  collections  at  the  different  stations  and 

between  different  sampling  periods.  The  artificial  substrates 

guaranteed  comparable  surfaces  for  colonization  as  well  as  regulating 

the  period  of  colonization  and  periphyton  growth.  Two  substrate 

TMa 

samplers.  Per iphy tome  ter s , were  attached  in  tandem  and  each  loaded 

with  eight  glass  microscope  slides,  one  inch  by  three  inches  in  dimension 
(Figure  4).  Slide  positions  were  numbered  to  maintain  a consistent 
sampling  routine  where  slides  from  predetermined  positions  would  be  used 
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4.  Schematic  of  Perip’nytometer 
Showing  Slide  Position 


as  replicates  for  either  species  identifications,  chlorophyll  measure- 
ments, or  dry  weight  determinations. 

TM 

The  tandem  arrangement  of  Periphytometers  was  anchored  at  the  stations 

by  a light  weight  cable  attached  to  a steel  stake  or  cinaerblock  anchor, 

depending  on  water  depth  and  flow  conditions.  A spherical  styrofoam,  lead- 

float  was  attached  co  the  free  end  of  the  cable  from  which  a six  foot  length 

TM 

of  nylon  rope  was  attached  to  the  Periphytometers  . Sufficient  cable 
length  was  used  to  accomodate  possible  changes  in  water  depth.  The 
incubation  period  of  the  samplers  at  each  station  site  was  not  less  than 
30  days  to  permit  sufficient  periphyton  growth  for  collection.  Periods 
of  30-45  days  were  necessary  to  achieve  sufficient  periphyton  mass,  yet 
not  aoproac'ning  the  stage  of  sloughing.  The  absence  of  significant 
sloughing  was  verified  by  visual  observation. 

During  the  spring  survey  slides  from  positions  2,  5,  8,  11,  and  14  were 
removed  for  species  identification.  During  the  fall  survey  slides  from 
positions  3,  6,  9,  12,  and  15  were  taken.  This  procedure  was  applied  at 
all  stations.  The  five  slides  were  treated  as  replicates  and  compared 
accordingly.  The  collection  of  slides  in  this  manner  prevented  a possible 
bias  in  the  results  due  to  the  position  in  the  artificial  samplers,  as 
the  replicates  were  taken  from  all  of  the  sampler  rather  than  adjacent 
slides  from  an  isolated  area.  Hopefully  this  routine  reduced  the  effects 
of  sampling  error. 

Each  slide  was  gently  removed  from  the  sampler  and  placed  in  a plastic 
bottle.  The  samples  were  appropriately  labelled  and  preserved  in  a 
two-percent  formalin  solution.  Periphyton  was  later  scraped  from  the 
slides  and  prepared  for  microscopic  observation. 

All  periphyton  material  for  the  measurement  of  dry  weight,  ash-free  dry 
weight,  and  chlorphyll  was  collected  from  the  artificial  substrate 
samplers.  Samplers  were  prepared  and  anchored  as  previously  discussed. 

The  routine  for  slide  position  and  collection  was  similar  to  that 
described  for  species  occurrence.  Five  replicate  slides  were  taken  for 
both  dry  weight  and  chlorophyll  measurements. 
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During  the  spring  survey  (May-June)  slides  were  taken  from  positions 
1,  4,  7,  10,  and  13  and  prepared  for  dry  weight  determinations.  During 
the  fall  survey  (October)  slides  were  taken  from  positions  2,  5,  8,  11, 
and  14  (Figure  4).  The  slides  were  gently  removed  from  the  sampler 
and  placed  in  separate  plastic  bottles.  Samples  were  labelled  and 
preserved  in  a two  percent  formalin  solution.  Periphyton  was  later 
scraped  from  the  slides  and  prepared  for  dry  weight  determinations. 

Samples  for  chlorophyll  analysis  were  collected  from  slide  positions 
3,  6,  9,  12,  and  15  during  the  spring  survey.  This  order  was  changed 
to  positions  1,  4,  7,  10,  and  13  during  the  fall  survey  (Figure  4). 

Slides  were  gently  .removed  from  the  samplers  and  placed  in  separate 
plastic  bottles  with  distilled  water.  Samples  were  labelled  and 
immediately  put  on  ice  to  reduce  biological  activity  and  chlorophyll 
breakdown.  Within  two  hours  after  collection,  the  periphyton  was 
scraped  from  the  slides  and  filtered  onto  4.25  centimeter,  0.45 
micron  Whatman  GF/C  glass  fiber  filters.  The  material  remaining  in  the 
bottle  was  also  filtered  onto  the  pad.  The  filters  were  folded  and  placed  in 
labelled  plastic  petri  dishes.  These  samples  were  immediately  frozen  in  the 
dark  and  held  for  pigment  extraction  and  analysis  in  the  laboratory. 

Material  for  ATP  analysis  of  natural  microcommunities  was  taken  from 
periphyton  artificial  substrate  samplers  and  sediment  microcores. 

Class  microscope  slides  were  incubated  along  with  and  for  the  same 
duration  as  slides  used  for  other  periphyton  measurements.  Slides  were 
selected  from  predetermined  positions  in  the  samplers.  Periphyton  was 
scraped  from  the  slides,  filtered  onto  Whatman  GF/C  glass  fiber  mats 
(0.45  p pore  size)  and  rinsed  with  distilled  water.  Filters  were  then 
folded  with  filtrate  on  the  inside,  frozen  on  dry  ice,  and  held  for 
laboratory  extraction  and  analysis  of  ATP. 


Sediment  microcores  were  taken  with  plastic  disposable  syringes  (50  cc) 
from  which  the  needle  ends  had  been  removed.  This  produced  a six  inch 
long  coring  device  with  sealed  plunger  to  collect  microcores  from  stream 
sediments.  Microcores  were  taken  from  soft  sediments, i. e.  , fine  silt, 
detritus  and  ooze,  near  the  stream  banks  at  waters  edge  and  from 
shallow  pools.  The  cores  were  left  inside  the  coring  tube,  placed  in 


plastic  bags,  sealed,  and  frozen  on  dry  ice  until  ATP  extraction  and 
analysis  at  the  laboratory. 

Benthic  Macroinvertebrates  - 

Collections  of  the  benthic  macroinvertebrate  community  were  taken  from 
both  natural  substrates  and  artificial  substrate  samplers.  Species 
occurrence  was  determined  from  both  substrate  types.  Because  physical 
conditions  of  streams  and  rivers  are  often  quite  variable  with  distance 
between  sampling  locations,  there  is  the  potential  problem  of  substrate 
limitation  or  variation  when  sampling  benthic  macroinvertebrate 
populations  from  natural  substrates.  In  an  effort  tc  alleviate 
this  problem,  replicate  artificial  substrate  samplers  were  used  at  all 
stations^.  This  provided  a consistent  substrate  type  for  colonization 
and  comparison.  Collections  made  from  the  natural  substrates  provided 
information  on  background  benthic  populations  available  to  colonize 
the  artificial  substrates. 

Natural  Substrates  - Samples  were  collected  from  two  basic  substrate 
types  at  each  station  - sand/silt  sediments  of  pool  areas  and  stones 
and  rocks  of  riffle  areas. 

Two  replicate  samples  were  taker,  from  the  pool  areas  of  each  station 

TM 

using  a Petite  Ponar  with  a sampling  area  of  36  square  inches 
(232  square  centimeters) . These  samples  were  washed  in  a Ponar  Wash 
Frame  which  retains  particles  and  organisms  larger  than  520  microns. 
Three  replicate  samples  were  taken  from  the  riffle  areas  of  each 
station  using  a Surber  type  square  foot  sampler.  All  samples  were 
placed  in  appropriately  labelled  bottles  and  preserved  with  two-tenths 
(0.2)  percent  rose  bengal  solution  in  80  percent  isopropyl  alcohol^  . 
Samples  were  held  until  arriving  at  the  laboratory  where  the  organisms 
were  picked  and  sorted.  All  samples  were  treated  independently  of 
each  ocher. 

g 

Artificial  substrates  - Multiplate  samplers  (Hester-Dendv  type) 
constructed  of  nine,  three  inch  by  three  inch  (7.6  by  7.6  centimeters) 
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square,  one-eighth  inch  (0.318  centimeters)  thick,  scored  hardboara 
plates  were  used  at  all  stations.  The  plates  were  assembled  with  one 
inch  (2.54  centimeter)  square,  one-eighth  inch  (0.318  centimeters)  thick 
hardboard  spacers  on  one-square  incl^O. 635  centimeters),  15  inch  (38 
centimeters)  long  threaded  rod.  Five  replicate  multiplate  samplers 
were  set  downstream  from  riffle  areas  at  each  station.  Each  sampler 
had  a surface  sampling  area  of  153.5  square  inches  (1022.6  square 
centimeters)  yielding  a total  effective  sampling  area  of  about  one- 
half  (0.5)  square  meters.  Samplers  were  permitted  to  colonize  for  a 
period  of  about  45  days. 

Upon  collection,  the  samplers  were  gently  lifted  from  the  stream  bed 
and  each  was  placed  in  a white  enamel  tray.  The  samplers  were 
disassembled  and  placed  in  plastic  freezer  containers  for  transport  to 
the  field  laboratory.  Any  organisms  which  may  have  been  dislodged 
from  the  plates  were  picked  from  the  trays  and  added  to  the  respective 
containers.  At  the  field  laboratory  the  plates  were  brushed  and  washed, 
and  the  collected  material  washed  in  a No.  30  U.  S.  Standard  sieve. 

Sample  material  was  then  placed  in  plastic  bottles,  labelled,  preserved 
with  a two-tenths  (0.2)  percent  rose  bengal  solution  in  80  percent 
isopropyl  alcohol  , and  taken  to  the  laboratory  where  the  organisms 
were  picked  and  sorted.  All  samples  were  treated  independently  of 
each  other. 

Incubation  Periods  of  Artificial  Substrates  - 

Artificial  substrate  samplers  for  both  periphyton  and  benthic  macro- 
invertebrates were  set  for  the  spring  survey  on  13-14  May  1975.  Samplers 
were  collected  during  the  survey  period  19-27  June  1975  yielding  an 
incubation  period  of  38  to  41  days.  Exact  length  of  incubation  periods 
are  given  on  appropriate  tables  in  the  subsequent  results  and  discussion 
section. 

Samplers  were  set  on  9 September  1975  for  the  fall  survey.  These  were 
collected  on  13-14  October  1975  during  the  fall  survey  period  allowing 
an  incubation  period  of  34  and  35  days  respectively. 
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SECTION  VI 


CHEMISTRY 


ANALYTICAL  PROCEDURES 
Aqueous  Phase 

In  order  to  evaluate  the  impact  of  the  AAP  on  the  receiving  waters, 
an  extensive  characterization  of  the  water  quality  of  the  receiving 
stream,  as  well  as  a characterization  of  the  industrial  effluents, 
was  unGertaken.  The  parameters  monitored  included  the  following: 


Dissolved  Oxygen 

Suspended  Solids 

pH 

Total  Solids 

Alkalinity 

Chloride 

Specific  Conductance 

Sulfate 

Biological  Oxygen  Demand 

Sodium 

Chemical  Oxygen  Demand 

Potassium 

Total  Organic  Carbon 

Hardness 

Cadmium 

Nitrate-N 

Chromium 

Nitrite-N 

Iron 

Ammon ia-N 

Lead 

Kjeldahl-N 

Manganese 

Total  Phosphorus 

Mercury 

Munitions  Compounds 

General  Water  Quality  Parameters  - 

Sampling  of  the  aqueous  phase  for  these  parameters  has  been  described 
in  a previous  section  of  this  report,  however,  some  additional 
comments  are  noteworthy  here.  All  sample  containers  had  been  acid- 
washed  and  rinsed  with  copious  amounts  of  distilled  water.  As  noted 
earlier,  samples  for  metal  analysis  were  preserved  with  reagent  grade 
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nitric  acid.  Samples  for  nutrient,  COD,  and  TOC  analysis  were  preserved 
with  reagent  grade  sulfuric  acid  and  refrigerated.  All  other  samples 
were  preserved  by  refrigeration  at  4°C  from  the  time  of  sampling  to  the 
completion  of  analysis  in  the  laboratory. 

In  general,  all  methods  of  chemical  analysis  employed  in  the  characteri- 
zation of  aqueous  samples  were  taken  from  the  three  most  widely  accepted 

10  1.1  i o 

compilations  of  such  procedures  ’ * . Where  methods  were  unavailable 

or  insufficient  to  provide  the  desired  information,  particularly  with 
respect  to  munitions  compounds,  alternate  analytical  procedures  were 
employed  after  their  accuracy  and  precision  had  been  statistically  verified. 
A brief  synopsis  of  the  analytical  methodology  is  contained  in  the  following 
paragraphs . 
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Measurements  of  dissolved  oxygen  were  made,  both  in  the  in  situ  stream 
determinations  and  in  the  analysis  of  biochemical  oxygen  demand,  with  a 
polarographic-type  gas  sensing  probe  which  utilizes  a semipermeable 
fluorocarbon  membrane.  Hydrogen  ion  concentration  was  measured  with  a 
glass  membrane/calomel  combination  electrode  and  digital  pH  meter  capable 
of  0.01  unit  resolution.  This  appartus  was  also  used  in  the  standard 
acid  titration  for  alkalinity.  Chloride  ion  concentration  was  determined 
by  a method  adapted  from  the  fluoride  ion  slective  electrode  method  listed 
in  the  EPA  manual^.  A chloride  ion  slective  electrode  from  Corning 
Scientific  Instruments  (model  476126)  was  used  in  conjunction  with  a 
silver/silver  chloride  reference  electrode.  The  reference  cell  was  fitted 
with  a seondary  salt-bridge  containing  1.0  M potassium  nitrate  to  prevent 
chloride  bleed  into  the  sample  solution.  Calibration  of  the  device  was 
accomplished  by  standard  addition  in  order  to  compensate  for  matrix  and 
temperature  effects.  Sulfate  ion  concentration  was  determined  by  the  barium 
sulfate  suspension  technique  outlined  in  the  EPA  reference^.  Suspended 
solids  were  measured  using  Millipore  AP40  glass  fiber  mats,  pressure 
filtration  and  drying  to  constant  weight  at  105°C.  Total  solids  were 
measured  by  evaporating  a 100  ml  aliquot  of  sample  to  dryness  at  105°C. 

Biological  oxygen  demand  in  the  AAP  water  samples  was  measured  according 
to  the  serial  dilution  procedure  specified  in  APHA  Standard  Methods1^. 

The  samples  were  set  on  the  same  day  as  collected,  and  incubated  for 
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five  days.  Chemical  oxygen  demand  was  determined  by  the  dichromate/sul- 
furic acid  digestion  method.  The  oxidant  was  0.025  N dichromate, 
providing  an  effective  detection  limit  of  approximately  5 mg/1. 

Consumption  of  the  oxidant  was  measured  spectrophotometricaliy.  Total 
organic  carbon  was  determined  using  an  Oceanography  International 
total  carbon  system.  With  this  system,  an  aliquot  of  acidified  sample 
is  sealed  in  a 10  ml  ampule  containing  persulfate  and  digested  over- 
night in  a pressure  vessel  at  175°C.  The  persulfate  oxidizes  the 
organic  carbon  to  CC^.  The  ampules  are  broken  and  the  CO^  flushed 
through  an  infrared  detector  interfaced  with  a digital  integrator. 

Nitrogen  was  measured  in  four  forms  in  the  aqueous  phase.  Nitrate- 
nitrogen  was  reacted  with  brucine  sulfate  in  acidic  media  to  produce 
a colored  complex  which  was  measured  spectrophotometricaliy . Nitrite- 
nitrogen  was  similary  determined,  though  in  this  case  the  colored 
complex  results  from  the  diazo  coupling  of  sulfaniiic  acid  and  naphthylamine 
hydrochloride  in  the  presence  of  nitrite  and  excess  hydrogen  ions. 

Seduced  nitrogen  forms  were  determined  by  the  Kjeidahl  method.  This  method 
employs  a mercury  catalyzed  sulfuric  acid  digestion  followed  by 
distillation  into  boric  acid  and  a potentiometric  endpoint  titration. 

Ammonia  concentrations  were  measured  with  a potentiometric-type  gas 
sensing  probe.  Determination  of  ammonia  with  this  device  is  now  an 

IQ 

accepted  EPA  procedure  ' . Evaluation  of  the  ammonia  probe  by  the 
U.S.  Environmental  Protection  Agency  and  by  exhaustive  tests  in  our  own 
laboratory  reveals  it  to  be  equal  in  accuracy  and  precision  to  the 
indophenol  blue  method  commonly  employed  for  low  levels  of  ammonia. 

Total  phosphorus  levels  in  the  aqueous  phase  were  determined  on  the 
whole-water  samples  after  a persulfate/sulfuric  acid  digestion.  The 
digestate  was  subjected  to  analysis  using  either  the  ascorbic  acid  or 
vanadomolybdophosphoric  acid  technique  outlined  in  the  APHA  water 
analysis  manual,  depending  on  the  phosphorus  level. 

Metal  analysis  of  the  aqueous  phase  was  accomplished  by  atomic  absorption 
spectrophotometry.  Total  concentrations  of  the  metals  cadmium,  chromium, 
iron,  lead,  manganese,  and  mercury  were  determined  in  the  acidified  water 
samples.  Calcium  and  magnesium  where  determined  on  filtered  water  samples. 

High  temperature  flameless  AAS  was  employed  for  all  metals  except  calcium. 
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iron,  magnesium,  and  mercury 
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Mercurv  was  analyzed  using  the  cold 

13 

vapor  atomic  absorption  technique  developed  by  Hatch  and  Ott 

Calcium,  iron  and  magnesium  were  analyzed  using  conventional  air-acetylene 
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flame  AAS  . Calcium  and  magnesium  values  so  determined  were  used 
to  calculate  hardness  . Ihe  method  of  standard  addition  was  utilized 
whenever  necessary  to  compensate  for  matrix  effects  on  instrument 
calibration.  Sodium  and  potassium  were  determined  by  flame  emission 
spectrophotometry. 


Munitions  Compounds  - 

Analysis  of  AAP  water  samples  for  munitions  compounds  followed  closely 
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the  analytical  methodology  of  the  1974  study  . The  benzene  layer  in 
the  water  samples  brought  back  from  the  field  was  removed  and  each 
sample  was  re-extracted  with  two  additional  50  ml  aliquots  of  benzene. 

The  combined  extract  from  each  sample  was  dried  with  anhydrous  sodium 
sulfate  and  concentrated  to  approximately  5 ml  by  passing  nitrogen  over 
the  liquid  surface  while  heating  the  extract  on  a water  bath.  The  5 ml 
concentrate  was  administered  to  the  top  of  a 1 cm  by  7 cm  high  column 
of  fully  activated  silica  gel  (Davison  grade  923) . The  column  was  wet 
packed  in  benzene.  One  hundred  milliliters  of  20  percent  (v/v) 
ethyl  ether  in  benzene  was  used  to  elute  the  components  of  interest. 

Studies  conducted  last  year  indicated  that  under  these  conditions, 
compounds  with  base  character  less  than  or  equal  to  aminodinitro toluene 
would  be  eluted  in  this  cleanup.  This  includes  such  compounds  as  the 
mononitrotoluenes , ainitrotoluenes , trinitrotoluenes,  mono-,  di  - and 
trinitrobenzer.es,  tetranitroazcxytoluenes , hydroxylaminodinitrotoluenes 
and  the  two  monoamino  reduction  products  of  TNT.  It  should  be  noted 
here  that  the  diamino  transformation  products,  as  well  as  other  polyamines , 
would  not  be  recovered  in  this  cleanup  procedure. 


The  elutriate  is  collected  and  concentrated  using  the  previously  described 
procedure  to  less  than  5 ml.  At  this  point  the  concentrate  is  transferred 
to  a 5 ml  vial  and  the  extract  is  taken  to  dryness.  The  sample  extract 
is  stored  in  this  condition  at  -20°C  until  analysis  by  vapor  phase 
chromatography  (VPC) . At  such  time,  the  extract  is  taken  up  in  a predetermined 


volume  of  benzene  and  an  aliquot  of  this  concentrate  is  administered  to 
the  gas  chromatograph. 


The  VPC  system  used  for  this  study  is  somewhat  different  than  that  used 

in  1974^.  Several  researchers  have  reported  that  1,  3,  5 - trinitro- 
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benzene  is  an  important  photolysis  product  of  2,  4,  6,  - TNT  ’ . As  a 

consequence,  it  was  deemed  important  to  be  able  to  differentiate  2,  4, 

6 - TNT  from  1,  3,  5 - TNB  in  the  environment.  In  investigating  the 
applicability  of  the  existing  extraction/cleanup  method  for  TNB  analysis, 
it  was  learned  that  a 5 percent  Dexsii  300  liquid  phase  could  not 
chromatographically  resolve,  2,  4,  6 - TNT  from  1,  3,  5-  TNB,  despite 
numerous  manipulations  of  chromatographic  conditions.  A 10  percent  liquid 
loading  of  G.C.  grade  SE-30  was  found  to  resolve  these  two  compounds  and 
still  provide  adequate  chromatographic  characteristics  for  the  other 
munitions-related  compounds  of  interest.  The  chromatographic  system 
employed  for  these  analyses  is  detailed  in  Figure  5.  The  resolution 
capability  of  this  VPC  system  is  shown  in  Figure  6.  Chromatograms  of 
representative  water  and  sediment  extracts  appear  in  Figures  7 and  8, 
respectively. 

A recovery  study  performed  on  the  extraction/cleanup/VPC  analysis  system 
described  above  confirmed  that  the  method  is  essentially  quantitative  for 
2,  6 - dinitrotolune,  2,  4 - dinitrotoluene,  1,  3,  5,  - trinitrobenzene 
2,  4,  6 - trinitrotoluene,  and  4 - hydroxy lamino  - 2,  6 - dinitrotoluene, 
with  recovery  efficiencies  ranging  from  95  to  100  percent.  Data  from  the 
recovery  study  is  presented  in  Appendix  XX. 

It  should  be  noted  here  that  although  cyclotrimethylene  trinitromine  (RDX) 
and,  to  a lesser  extent,  cyclotetramethylene  tetranitramine  (HMX)  are 
processed  at  the  T.AAP  as  co-explosives  with  alpha  TNT,  in  mixtures  such  as 
composition  B and  Octol,  only  5 mg  of  each  compound  was  available  from 
the  Arm}*  for  use  in  analytical  method  development  and  as  quantitative 
standards  for  sample  analysis.  Such  quantities  were  insufficient  even  for 
adequate  meLhod  development  and  verification,  so  RDX  and  HMX  were  deleted 
from  the  list  of  organic  compounds  under  study  during  the  current  project. 


FIGURE  5.  ANALYTICAL  SYSTEM  FOR  VAPOR  PHASE  CHROMATOGRAPHY 
USING  SE-30  COLUMN 
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FIGURE  8.  VPC  RESOLUTION  OF  COMPONENTS  IN 

TYPICAL  SEDIMENT  EXTRACT 
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Sampling  of  the  sediment  phase  at  the  AAP  has  been  described  in  an  eariler 
section  of  this  report.  The  samples  were  thoroughly  frozen  when  received 
from  the  field  and  were  stored  in  this  condition  until  processing  commenced 
Freezing  sediment  material  often  disrupts  the  mineral  morphology,  but  it 
was  felt  that  the  analyses  to  be  performed  on  these  samples  would  not 
be  adversely  affected  and  the  low  temperature  preservation  would 
minimize  the  decomposition  of  any  munitions-related  compounds  present. 

The  following  parameters  were  determined  on  the  sediment  samples: 

Total  Solids  Cadmium 

Total  Volatile  Solids  Chromium 

Chemical  Oxygen  Demand  Iron 

Hexane  Extractables  Lead 

Kjeldahl  Nitrogen  Manganese 

Nitrate+Nitrite  Nitrogen 
Mercury  Total  Phosphorus 

Munitions  Compounds 

General  Sediment  Parameters  - 

The  sediment  samples  were  thawed  for  processing  and  extruded  from  the 
polycarbonate  core  liners.  Physical  descriptions  were  made  immediately 
and  the  core  samples  were  sectioned  according  to  depth  from  the 
water/sediment  interface.  For  the  present  study,  the  upper  10  cm  section 
was  isolated,  weighed  and  dried  to  constant  weight  at  50°C.  Where  cores 
were  of  sufficient  depth,  additional  10  cm  sections  were  also  isolated  and 
processed.  After  dry  weights  were  recorded,  all  sediment  samples  were 
ground  with  a mortar  and  pestle  and  sieved  through  a 20  mesh  screen 
(particles  less  than  841  micrometers).  The  weight  fraction  retained  by 
the  sieve  was  recorded  and  this  fraction  was  excluded  from  the  chemical 
analyses.  Methods  of  chemical  analysis  for  sediment  characterization 
were  taken  primarily  from  the  EPA  reference  "Chemistry  Laboratory  Manual: 
Bottom  Sediments"^.  A brief  description  of  the  procedures  employed 
follows . 


PVI 


r 


1 

t 


The  analysis  of  carbonaceous  material  in  the  sediments  included  the 
determination  of  COD  using  the  potassium  dichromate-sulfuric  acid 
digestion  method.  Volatile  solids  were  determined  by  ashing  the  samples 
at  575°C  for  four  hours.  Hexane  extractable  materials  were  also  determined 
in  the  dried  sediment.  Hexane  served  as  the  solvent  in  a four  hour 
soxhlet  extraction.  The  solvent  was  evaporated  from  the  final  extract 
and  the  residue  was  measured  gravimetrically . 

Reduced  nitrogen  forms  in  the  sediment  phase  were  determined  by  the 
Kjeldahl  digestion/distillation/titration  technique.  Nitrate  was 
analyzed  as  an  indicator  of  oxidized  nitrogen  forms.  In  this  analysis 
the  nitrate  was  leached  from  the  sediment  by  refluxing  in  dilute  acid 
media.  Since  nitrite  is  converted  to  nitrate  during  the  acid  reflux, 
the  results  of  this  test  actually  indicate  nitrate  plus  nitrite  nitrogen. 
The  leachate  was  then  filtered  and  reacted  with  brucine  sulfate  under 
the  controlled  temperature  conditions  of  the  brucine  method.  The  re- 
sultant colored  complex  was  related  spectrophotometrically  to  known 
standards.  The  third  major  biological  nutrient,  phosphorus,  was 
measured  in  the  sediments  with  the  vanadomolydophosphoric  acid  test 
after  the  samples  had  undergone  a persulfate/sulfuric  acid  digestion 

Sediment  samples  for  metal  analysis,  with  the  exception  of  mercry,  were 

prepared  by  dry  ashing  at  575°C  for  four  hours,  acid  leaching  the 

residue  with  a nitric  acid/hydrogen  perioxide  solution,  and  removing  the 

undissolved  residue  by  titration  The  filtrate  was  analyzed  for  cadmium, 

chromium,  iron,  lead,  and  manganese  using  conventional  air-acetylene 

flame  atomic  absorption  spectrophotometry’^ ’ . Mercury  analysis  was 

1 ft 

performed  on  samples  prepared  by  wet  digestion  . The  finely  divided 
samples  were  allowed  to  react  overnight  with  fuming  nitric  acid  and 
potassium  dichromate.  After  digestion  was  complete,  the  fxcess 
dichromate  was  reduced  with  hydroxylamine.  hydrochloride.  Reduction  of 
tha  mercury  with  stannous  chloride  was  followed  by  detection  of  the 
resulting  elemental  mercury  using  the  cold  vapor  atomic  absorption 
method* J . 
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Munitions  Compounds  - 

Sediment  samples  were  air  dried  at  50°C  specifically  to  retard  thermal 
degradation  of  munitions-related  compounds.  Twenty  grams  of  the  ground 
and  sieved  sediment  samples  were  extracted  with  benzene  in  a Soxhlet 
extractor  for  four  hours,  after  which  the  extract  was  concentrated  and 
cleaned  up  according  to  the  method  outlined  in  the  aqueous  phase  section. 
Analysis  of  the  extract  by  vapor  phase  chromatography  was  also  essentially 
the  same  as  for  the  water  samples,  though  the  solvent  make-up  volumes  and 
the  amount  introduced  into  the  gas  chromatograph  were  adjusted  to  compensate 
for  the  greater  amount  of  matrix  material  (primarily  oils)  found  in  the 
sediment  extracts.  Spiked  samples  were  used  to  verify  quantitative  recovery 
(95-100%)  of  the  compounds  of  interest. 

RESULTS  AND  DISCUSSION 
Aqueous  Phase 
General  Water  Quality  - 

Mean  values  for  general  water  quality  parameters  for  each  survey  period 
are  presented  in  Table  2 through  7 (individual  results  from  each  daily 
sample  can  be  found  in  the  appendices) . These  concentrations  represent 
average  values  of  the  five  samples  gathered  during  a survey  period. 

Where  levels  are  below  the  analytical  detection  limits  in  all  five  daily 
samples,  the  mean  value  appears  as  a "less  than"  number  in  the  tables. 

Where  one  or  more  of  the  daily  samples  had  detectable  concentrations,  the 
"less  than"  values  were  averaged  as  if  the  component  of  interest  had  been 
observed  at  the  detection  limit  (e.g.  in  this  case  <0.001  would  be  averaged 
as  0.001).  This  allows  differentiation  of  those  stations  where  no  detectable 
quantities  were  found  from  other  stations  at  which  analysis  of  one  or  more 
daily  samples  revealed  detectable  quantities  of  the  component  of  interest. 
Thus,  throughout  the  chemistry  section  of  this  report,  where  a "less  than" 
sign  is  observed  in  the  table  of  mean  values  or  table  of  statistical  values 
related  to  mean  values  such  as  standard  deviation,  the  indication  is  clear 
that  no  concentrations  of  the  component  of  interest  were  detected  in  any  of 
the  samples  taken  at  a given  station  during  a given  survey  period. 
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Table  2 . AQUEOUS  PHASE  CHEMICAL  DATA 
IOWA  ARMY  AMMUNITION  PLANT  JUNE  1975 
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Kjeldahl-N  mg/1  0.5  0.6 

Ammonla-N  mg/1  0.069  0.11 


Table  4.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
INDUSTRIAL  STATIONS-MEANS 


Table  4.  Continued 


Table  5 . AQUEOUS  PHASE  CHEMICAL  DATA 
IOWA  ARMY  AMMUNITION  PLANT  OCTOBER  1975 
BRUSH  CREEK  STATIONS  - Means 


Nltrate-N  mg/1  0.092  0.40  0.30  0.21  0.45 


Table  5 (continued). 


Table  6.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
SPRING  CREEK  STATIONS  - MEANS 


Table  7 IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
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A review  of  Tables  2 and  3 reveals  that  during  the  summer  sampling 
the  water  quality  of  Brush  Creek  at  stations  B2  through  B8  was 
affected  by  environmentally  significant  enrichment  in  two  general  areas: 

1)  major  dissolved  solids;  and  2)  biostimulating  nutrients.  Increases 
in  chloride,  sulfate,  sodium,  and  to  a lesser  degree  potassium  and 
hardness  were  responsible  for  an  average  dissolved  solids  burden  in 
this  reach  of  Brush  Creek  which  was  approximately  30  percent  higher  than  at 
station  B1  and  the  Spring  Creek  control  stations.  Average  concentrations 
of  carbon,  reduced  and  oxidized  forms  of  nitrogen,  and  total  phosphorus 
were  also  higher  in  this  stretch  of  Brush  Creek.  The  high  concentrations 
of  total  phosphorus  and  nitrate-nitrogen  were  especially  notable. 

Although  no  particular  problems  concerning  BOD  and  dissolved  oxygen  were 
observed  during  the  June  survey,  the  low  hydrogen  ion  concentrations 
measured  during  this  period  are  considered  significant  modifications  of  the 
basic  water  quality  of  such  a stream.  Of  the  trace  metals  determined, 
only  chromium  was  found  to  be  significantly  different  from  background 
conditions.  The  average  values  of  0.163,  0.122  and  0.095  mg/1  at 
stations  B2,  B3  and  B4  , respectively .are  considered  high  by  normal 
freshwater  stream  standards. 

The  mean  values  for  analyses  performed  on  the  industrial  samples 
collected  during  June  1975  are  presented  in  Table  A.  Reviewing 
this  information  results  in  the  inescapable  conclusion  that  the 
effluent  discharged  at  industrial  station  1 has  by  far  the  greatest 
effect  on  general  water  quality  in  Brush  Creek  of  any  of  the  discharges 
surveyed.  The  level  of  most  parameters  measured  are  substantially 
higher  here  than  the  natural  background  conditions,  and  since  flow 
at  this  station  is  at  least  an  order  of  magnitude  higher  than  the  other 
industrial  outfalls,  this  discharge  may  well  be  the  largest  source  of 
non-munitions  pollutants  in  the  Brush  Creek  system.  During  the  June 
survey,  each  of  the  other  industrial  outfalls  were  found  to  discharge 
one  or  more  dissolved  constituents  at  concentrations  substantially  higher 
than  background  stream  levels.  Industrial  stations  2 and  5 discharged 
somewhat  elevated  concentrations  of  nitrate-nitrogen  and  total  phosphorus. 
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Industrial  station  3 was  found  to  be  a source  of  nitrate-nitrogen  and 
chromium.  Industrial  station  4 discharged  elevated  levels  of  nitrate- 
nitrogen  and  chemical  oxygen  demanding  (COD)  materials.  The  effluent 
at  outfall  7 contained  relatively  high  concentrations  of  ammonia-, 
nitrite-  and  nitrate-nitrogen  as  well  as  COD  materials. 

Mean  values  for  general  water  quality  parameters  measured  during  the  fall 
survey  period  are  presented  in  Tables  5 through  7.  The  trends  observed 
in  Brush  Creek  during  this  period  are  virtually  identical  to  those  of  the 
summer  survey,  though  the  magnitude  of  the  species  enrichment  is 
somewhat  different  due  to  differing  amounts  of  ground  water  runoff  and 
industrial  activity.  This  is  especially  true  for  the  dissolved  solids 
burden,  which  during  the  fall  survey  was  twice  as  high  in  Brush  Creek 
from  station  B2  through  station  B8  as  compared  with  natural  background 
levels.  It  should  be  noted  that  for  this  comparison  the  stream  stations 
B1  and  SI  cannot  be  considered adquate  controls  for  lower  Brush  Creek 
stations , since  there  was  no  flow  at  these  two  stations  during  the  fall 
sampling  period.  Spring  Creek  station  2 however,  functions  as  a 
satisfactory  control  for  comparison  of  the  fall  survey  data. 

Average  values  for  industrial  outfall  constituents  in  October  were  likewise 
similar  to  levels  observed  during  summer  sampling.  Industrial  station  1 
was  the  major  contributor  to  general  water  quality  alteration  in  the 
Brush  Creek  system.  Industrial  outfalls  2,  4 and  5 were  found  to  be 
sources  of  nitrate-nitrogen  and  total  phosphorus.  The  effluent  from 
industrial  station  3 was  again  observed  to  contain  appreciable  quantities 
of  nitrate-nitrogen,  total  phosphorus  and  chromium.  The  discharge  from 
industrial  station  7 was  significantly  cleaner  with  respect  to  the  general 
water  quality  parameters  during  the  fall  sampling  than  it  was  during  the 
summer  survey. 

Water  samples  taken  during  the  fall  survey  were  not  analyzed  for  the 
trace  metals  cadmium,  iron,  manganese  and  mercury.  The  analyses  were 
precluded  since  the  concentrations  of  these  components  in  the  summer 
samplings  were  not  especially  high  and  could  not  be  considered  environ- 
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mentally  significant  effects  of  IAAP  industrial  operations  on  the 
Brush  Creek  stream  system. 


The  range  of  daily  variation  in  general  water  quality  at  each  of  the 
stream  and  industrial  stations  is  presented  in  Tables  8 through 
23.  The  mean  value  of  the  five  daily  samples  for  each  survey  is 
listed  .along  with  the  maximum  and  minimum  values  observed  during  that 
survey  period.  For  ease  of  comparison,  the  information  of  both  summer 
and  fall  surveys  are  presented  on  the  same  table. 


In  general,  there  is  considerable  daily  variation  in  water  quality  at 
Brush  Creek  stations  B2  through  B8  during  both  survey  periods.  This 
variation  is  primarily  evident  in  the  major  solutes  and  in  the  nutrient 
species.  Though  considerable  variation  of  these  components  is 
observed  in  the  daily  discharges  from  industrial  outfalls  2,  3,  4,  5 
and  7,  it  is  quite  likely  that  most  of  the  daily  variation  seen  in 
Brush  Creek  is  the  result  of  the  variable  nature  of  the  effluent  at 
industrial  station  1.  During  the  summer  survey,  discharges  at  this 
outfall  were  extremely  variable  in  chemical  content  as  well  as  temperature, 
and  slugs  of  concentrated  boiler  blowdown  water  doubtless  had  an  effect 
on  the  ecology  of  Brush  Creek. 


Results  from  the  diurnal  study  performed  during  the  summer  survey  are 
presented  in  Table  24.  Though  some  variation  in  the  general  water 
quality  can  be  inferred  from  the  pH  and  specific  conductance  data,  this 
variation  is  within  that  seen  in  samples  gathered  from  stream  and 
industrial  stations  during  the  periods  of  production  l;.ne  operation. 

It  is  noteworthy  here  that  since  no  low  levels  of  dissolved  oxygen  were 
observed  in  any  of  the  industrial  or  stream  samples  taken  during  the 
periods  of  plant  operation,  it  was  deemed  unnecessary  to  monitor  D.O. 
during  the  diurnal  study. 
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Table  8 . IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
BRUSH  CREEK  STATION  B1 
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Table  11  . IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
BRUSH  CREEK  STATION  B4 


Nitrate-N  mg/1  3.2  3.5  2.5  0.21  0.30  0.13 
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Table  12  . IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 


Wan  a- N mg/1  1.5  5.1  0.067  0.15  0.28  0.045 
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MICROCOPY  RE. SOLUTION  TEST  CHART 

NATlONAl  PIJMI  All  Of  STANDARDS  I%1  A 


Total  Phosphorus  mg/1  0.47  0.79  0.18  1.6  2.4  0.97 


Table  13  . IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
BRUSH  CREEK  STATION  B6 


Ammonia-N  mg/1  0.11  0.14  0.082  0.043  0.10  0.024 
Nltrite-N  mg/1  0.010  0.020  0.004  0.007  0.012  0.001 
Nltrate-N  mg/1  2.4  2.8  2.0  1.1  5.1  0.067 
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Table  18  . IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
INDUSTRIAL  STATION  I 1 


TOC  mg/1  24  33  14  16  18  14 

Kjeldahl-N  mg/1  1.2  1.6  0.7  1.3  2.3  0.7 

Ammonia-N  mg/1  0.075  0.12  0.049  0.062  0.13  0.040 

Nitrite-N  mg/1  0.009  0.012  0.007  0. 001<  1/5)0. 003  <0.001 
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Table  19  . IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
INDUSTRIAL  STATION  1 2 


Table  19  . Continued 


Table  20.  j0WA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
INDUSTRIAL  STATION  1 3 


Kjeldahl-N  mg/1  0.6  0.6  0.5  1.1  1.6  0.6 

Anunonia-N  mg/1  0.080  0.11  0.051  0.60  1.0  0.062 

Nltrite-N  mg/1  (1/5)  0.003  0.005  <0.001  0.017  0.042  0.003 


Table  21  . IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA 
INDUSTRIAL  STATION  I 4 


Nitrite-N  mg/1  0.004  0.007  0.001  0.005  0.012  0.002 


Table  22  . Continued 
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Table  23.  Cont  inued 
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Table  24  . IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  CHEMICAL  DATA-DIURNAL  STUDY 
BRUSH  CREEK 
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Aqueous  Phase 


Munitions  Compounds  - 

Average  values  for  munitions-related  compounds  in  the  aqueous  phase  are 
presented  in  Tables  25  through  30  (individual  results  of  each  daily 
sample  can  be  found  in  the  appendices) . The  analysis  of  samples  from  the 
IAAP  was  tailored  to  provide  quantitative  information  on  2,  6 - dinitro- 
toluene  and  2,4-  dinitrotoluene  (both  minor  components  in  technical 
grade  TNT),  1,  3,  5 - trinitrobenzene  (an  important  photolysis  product 
of  alpha  TNT),  2,4,  6 - trinitrotoluene(the  main  TNT  isomer),  and 
4 - hydroxylamino-  2,  6 - dinitrotoluene  and  2 - hydroxylamino- 
4,  6 - dinitrotoluene  (two  environmental  transformation  products  of 
alpha  TNT) . Detection  limits  for  each  of  the  compounds  were  determined 
by  the  minimum  amount  of  each  compound  which  could  be  distinguished 
with  adequate  confidence  from  the  indigenous  oils  present  in  each  sample 
extract.  For  this  reason,  detection  limits  vary  from  compound  to 
compound,  from  station  to  station,  and  occasionally  from  sample  to  sample. 

During  the  June  sampling  period,  munitions  - related  compounds  were 
detected  in  the  aqueous  phase  at  stream  stations  B2,  B4,  B5,  B6,  B7 
and  B8.  No  munitions  compounds,  or  their  transformation  products  were 
found  in  Spring  Creek  during  this  period.  Sources  of  the  munitions 
compounds  in  Brush  Creek  are  evident  from  the  data  on  industrial  outfall 
concentrations  in  Table  27.  Industrial  stations  4 and  7,  and  to  a 
lesser  extent  stations  3 and  5,  appear  to  be  the  point  sources  responsible 
for  the  munitions  - related  compounds  present  in  Brush  Creek.  The  levels 
found  at  these  outfalls  are  in  the  low  microgram  per  liter  range  and 
probably  represent  the  residual  materials  remaining  in  the  industrial 
process  water  after  passage  through  activated  carbon  treatment  devices. 

Samples  collected  during  the  fall  survey  reveal  detectable  quantities 
of  munitions  - related  compounds  at  all  Brush  Creek  stations  from  B2  through 
B8,  though  the  average  concentrations  during  this  survey  period  are 
lower  than  during  June.  This  probably  results  from  the  lower  production 
activity  of  the  IAAP  during  the  fall  survey  period.  Detectable  quantities 
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Table  30  AQUEOUS  PHASE  MUNITIONS  DATA 
IOWA  ARMY  AMMUNITION  PLANT  OCTOBER  1975 
INDUSTRIAL  STATIONS  - MEANS 
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of  munitions  - related  compounds  were  found  at  industrial  stations 
3,  4 and  7,  with  4 and  7 accounting  for  the  vast  majority  of  the 
materials.  As  opposed  to  the  summer  samplings,  no  munitions  compounds 
were  found  at  industrial  station  5 during  the  fall  survey.  Spring  Creek 
was  also  free  of  detectable  residues  of  these  compounds  during  this  period. 

The  range  in  daily  concentrations  of  munitions  - related  compounds  is 
presented  in  Tables  31  through  46.  During  the  June  survey, 
stream  stations  B4,  B5,  B7  and  B8  and  industrial  stations  5 and  7 
exhibited  variations  of  greater  than  an  order  of  magnitude  in  the 
concentrations  of  one  or  more  munitions  - related  compounds.  The 
range  of  concentrations  at  station  B2  and  industrial  stations  3 and  4 
was  somewhat  narrower.  During  the  fall  survey,  daily  concentrations 
varying  by  more  than  an  order  of  magnitude  were  found  only  in  samples 
from  industrial  outfalls  4 and  7.  Less  variance  was  observed  in  daily 
concentrations  of  munitions  - related  compounds  at  Brush  Creek  stations 
B2  through  B8  and  industrial  outfalls  3 and  5. 


A cautionary  statement  concerning  the  evaluation  of  munitions  compounds 

in  the  aqueous  phase  is  worthy  of  mention  here.  As  noted  by  many 

researchers,  the  reactivity  of  TNT  and  its  related  compounds  is 

particularly  high  in  aqueous  solutions  ’ ’ ’ ’ ’ ’ ’ • This  is 

particularly  true  where  chemical  transformation  can  be  photochemically 

or  biochemically  mediated.  Reaction  kinetics  for  these  transformations 

are  dependent  on  many  variables,  however  the  reactions  often  proceed 

LA  20  21 

at  very  rapid  rates  ’ ’ . Therefore,  munitions  compounds  such 

as  DNT  and  TNT  in  the  aquatic  environment  may  not  be  present  in  steady 
state  concentrations.  Attempts  to  develop  mass  balances  for  these  compounds 
will  be  fraught  with  problems  unless  all  major  transformation  products 
are  considered  in  the  calculations.  At  a recent  symposium  entitled 
"Symposium  on  Munitions  Standards  Research",  and  sponsored  by  the 
U.  S.  Army  Medical  Research  and  Development  Command,  seventeen  different 
photolysis  products  of  2,  4,  6 - TNT  were  identified.  More  than  half  a 
dozen  biochemical  transformation  products  have  been  identified  through 
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Table  32.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUNITIONS  DATA 
BRUSH  CREEK  STATION  B2 


Table  33.  IOWA  ARMY  AMMUNITION  PLANT 


Table  34.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUNITIONS  DATA 


Table  35.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUNITIONS  DATA 
BRUSH  CREEK  STATION  B5 


Table  36.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUNITIONS  DATA 
BRUSH  CREEK  STATION  B6 
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Table  40.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUNITIONS  DATA 
SPRING  CREEK  STATION  S2 


Table  42.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUN1ITIONS  DATA 
INDUSTRIAL  STATION  12 


Table  43.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUNITIONS  DATA 
INDUSTRIAL  STATION  13 


Table  44 . IOWA  ARMY  AMMUNITION  PLANT 

AQUEOUS  PHASE  MUNITIONS  DATA 
INDUSTRIAL  STATION  14 
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Table  45.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUNITIONS  DATA 


Table  46.  IOWA  ARMY  AMMUNITION  PLANT 
AQUEOUS  PHASE  MUNITIONS  DATA 
INDUSTRIAL  STATION  17 


t 


research  in  our  own  laboratories.  Compounds  such  as  the  hydroxylamino- 
dinitrotoluenes  and  aminodinitrotoluenes , thought  at  one  time  to  be 
major  transformation  products,  are  now  believed  to  be  only  intermediates 
in  the  pathway  of  chemical  reduction  for  alpha  TNT.  The  formation  of 
diamine  derivatives  is  the  next  subject  for  consideration.  The  toxicity 
of  all  these  transformation  products  is  also  of  major  concern. 

Obviously  the  environmental  fate  and  effects  of  extremely  reactive  compounds 
such  as  TNT  cannot  be  accurately  assessed  by  looking  only  at  the 
parent  compound. 

Sediment  Phase 

General  Chemistry  - 

Characterization  of  the  bottom  sediment  deposits  is  an  important  part 
of  any  aquatic  survey.  Not  only  does  the  sediment  chemistry  signifi- 
cantly affect  the  biota  normally  associated  with  bottom  deposits,  but 
in  a chemical  sense  the  sediments  can  serve  as  a source  or  sink  for 
constituents  found  in  the  aqueous  pha'-e.  At  the  IAAP  three  core 
samples  were  collected  at  each  stream  station  during  each  survey  period. 

In  general,  these  core  samples  can  be  considered  replicates  since  they 
were  taken  within  a single  sediment  formation  and  usually  were  with- 
drawn within  a one  half  meter  radius.  However,  at  certain  stations 
several  sediment  types  could  be  found,  and  in  an  attempt  to  obtain 
sediment  characteristics  representative  of  the  general  sampling  area, 
cores  were  taken  in  one  or  more  of  the  sediment  formations  present. 

The  variation  about  the  mean  for  samples  from  such  a station  will  be 
predictably  greater  than  for  those  cores  taken  from  a station  where  only 
one  major  sediment  formation  exists.  For  this  reason,  the  physical 
description  of  sediment  cores  listed  in  Tables  47  through  50  are 
important  considerations  when  comparing  the  sediment  chemistry  of  one 
station  with  another,  or  even  when  comparing  "replicate"  core  samples 
taken  at  a given  station. 


i Mean  values  for  general  sediment  chemistry  parameters  are  presented  in 

Tahl ps  51  And  52  for  the  summer  stirvev  nerind.  And  TAhles  55  And 


Tabled.  SEDIMENT  DESCRIPTION 
1 01, ’A  ARMY  AMMUNITION  PLANT  25  JUNE  1975 
BRUSH  CREEK  STATIONS 


Corer  20-26  cm  Brown  21.4%  Sand  and  ooze 


‘Sample  Sampling  Device  Sediment  Depth  Color  Fraction  841  pm  Description 
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Table  49  (continued) 
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able  49  (continued). 


Corer  10-16  cm  Brown  15.2%  Coarse  sand 


Till)  1 1:  50  . SEDIMENT  DESCRIPTION 
IOWA  ARMY  AMMUNITION  PLANT  15  OCTOBER  1975 
SPRINC  CREEK  STATIONS 
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Table  54.  10WA  ARMY  AMMUNITION  PLANT 
SEDIMENT  PHASE  CHEMICAL  DATA 
SPRING  CREEK  STATIONS:  0-10  cm  SECTION  MEANS 
15  October  1975 
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54  for  the  October  sampling.  Discrete  analytical  results  for  each  of 
the  core  samples  taken  during  both  surveys  are  presented  in  Appendices 
VII  and  VIII.  In  comparing  the  concentrations  of  various  parameters 
in  Brush  Creek  with  background  levels  normally  anticipated  for  such 
streams,  it  is  not  completely  justifiable  to  use  stream  station  B1  as 
a control.  This  is  due  to  the  fact  that  the  sediment  at  B1  can  be 
accurately  described  as  rich  topsoil.  Such  a bottom  material  is 
uncharacteristic  of  continuously  flowing  streams.  Rather,  a drainage 
ditch  with  low  and  intermittent  flow  is  suggested.  This  is  also  true, 
though  to  a lesser  extent,  for  Spring  Creek  station  SI.  The  bottom 
deposits  of  such  drainage  ditches  collect  excessive  amounts  of  nutrient- 
rich  silt.  For  this  reason.  Spring  Creek  station  2 provides  a better 
comparison  for  sediments  taken  from  stations  in  Brush  Creek  where  flow 
is  continuous. 


Sediments  from  stations  B2,  B3  and  B7  show  the  most  significant  increases 
above  background  levels  during  the  June  survey.  Elevated  levels  of 
hexane  extractables , Kjeldahl-nitrogen,  total  phosphorus,  chromium, 
and  mercury  observed  at  station  B7  can  be  attributed, to  a large  extent, 
to  the  effluent  discharged  from  the  IAAP  domestic  wastewater  plant.  The 
mean  concentration  of  mercury  here  is  particularly  noteworthy.  Increases 
in  most  of  the  general  sediment  chemistry  parameters  observed  at  stations 
B2  and  B4  can  be  attributed  to  the  activities  associated  with  IAAP 
production  lines.  These  increases  involve  primarily  nitrogen,  phosphorus 
and  organic  carbon  concentrations.  Certain  metals,  including  chromium, 
iron,  mercury  and  lead,  are  also  enriched  as  a result  of  these  activities. 


The  sediment  samples  collected  during  October  also  reflect  this  trend  of 
enrichment,  with  stations  B2  and  B4  generally  showing  the  greatest  in- 
creases in  those  general  sediment  chemistry  parameters  monitored.  Similarly, 
core  samples  from  station  38  taken  during  both  summer  and  fall  surveys 
reveal  that  the  general  sediment  quality  improves  to  near  background 
conditions  as  the  stream  descends  to  the  IAAP  boundary. 
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Munitions  Compounds  - 

Average  concentrations  for  munitions-related  compounds  in  the  LAAP 
sediments  are  presented  in  Tables  55  through  58.  A review  of  the 
summer  survey  data  reveals  that  detectable  quantities  of  munitions 
compounds  and  specific  transformation  products  were  found  at  stations 
B2,  B4,  B5,  B6  and  B7.  As  during  the  1974  survey  period,  station  B4 
contained  the  greatest  quantities  of  2,  4,  6 - trinitrotoluene  of  all 
Brush  Creek  stations.  Station  B2,  which  was  the  intended  control  station 
for  the  1974  survey,  was  also  found  to  contain  significant  concentra- 
tions of  TNT  and  transformations  products,  presumably  originating  from 
industrial  outfalls  3 and  4.  It  is  interesting  to  note  that  no 
munitions  - related  compounds  were  detected  in  sediments  from  stream 
station  B8  collected  during  the  1975  summer  survey. 

Analysis  of  sediments  collected  in  October  revealed  munitions  - related 
compounds  at  stations  B2,  B4,  B5,  B6,  B7  and  B8 . Again  during  this 
survey,  station  B4  had  the  highest  average  2,4,  6 - TNT  concentration 
of  any  stream  sediment  sampled.  Indeed,  one  core  from  this  station 
contained  over  200  mg/kg  of  alpha  TNT.  Sediment  concentrations  of 
all  munitions-related  compounds  declined  downstream  of  station  B4, 
though  during  the  fall  survey  some  residue  was  still  detectable  at 
station  B8. 

During  the  summer  survey,  an  additional  source  of  munitions  - related 
compounds  was  discovered  along  Brush  Creek.  Situated  on  the  east  side 
of  the  stream,  approximately  950  meters  downstream  of  B3  and  250  meters 
upstream  of  B4,  a large  vegetation-free  plateau  was  found.  The  entire 
plateau  was  highly  eroded  and  the  barren  soil  was  reddish  in  color. 

Plant  personnel  were  queried  as  to  the  history  of  this  area  and  it  was 
learned  that  it  was  previously  the  site  of  a "pink-water"  treatment  lagoon. 
Process  water  from  the  TNT  operations  of  Group  1 were  collected  in  this 
lagoon,  which  actually  was  a retention  pond  in  Brush  Creek  itself.  Since 
the  wastewater  was  acidic,  flyash  from  the  then  coal-burning  power  plant 
was  also  dumped  into  the  lagoon  to  help  neutralize  the  acidic  wastes. 
Considerable  amounts  of  solid  coal-wastes  were  dumped  into  the  lagoon 


Table  55.  SEDIMENT  PHASE  MUNITIONS  DATA 
IOWA  ARMY  AMMUNITION  PLANT  25  .JUNE  1975 
BRUSH  CREEK  STATIONS:  0-10  cm  SECTION  MEANS 


Table  58  . [OWA  ARMY  AMMUNITION  PLANT 


with  the  idea  that  a certain  amount  of  carbon  adsorption  of  munitions  - 
related  compounds  would  be  attained  and  these  adsorbed  materials  would 
be  thus  transported  from  the  aqueous  phase  to  the  bottom  sediments. 
Spill-over  from  the  lagoon  simply  continued  down  Brush  Creek  to  another 
treatment  installation  located  under  the  bridge  in  Road  H near  the  IAAP 
sewage  disposal  plant,  where  excess  acidity  was  neutralized  with  the 
addition  of  base. 

According  to  contractor  personnel,  the  lagoon  was  allowed  to  go  into  a 
state  of  disrepair  and  has  been  used  for  approximately  20  years.  This 
date  coincides  with  the  initial  use  of  physiochemical  waste  treatment 
of  munitions  - related  wastewaters  at  the  IAAP.  Given  the  long 

period  of  time  since  large  amounts  of  TNT  were  added  to  the  lagoon, 
it  is  somewhat  surprising  to  find  over  3000  mg/kg  of  the  highly 
reactive  2,  4,  6 - isomer  present  in  soil  there  today.  A sample  of  this 
barren  soil  was  collected  during  the  June  survey  and  analyzed  only  for 
munitions  - related  compounds.  The  results  are  presented  in  Table  59. 

Soil  from  this  barren  area,  dubbed  "TNT  Flats"  by  the  field  survey 
crew,  contains  large  amounts  of  the  nydroxylamine  transformation  products 
in  addition  to  2,  4,  6 - TNT. 

It  was  observed  during  the  1974  survey  and  during  both  1975  surveys  that, 
after  a rainfall,  small  puddles  of  "pink-water"  would  collect  at  high 
water  areas  of  downstream  stations  in  Brush  Creek,  especially  at  station 
B4.  Given  the  denuded  and  highly  eroded  physical  nature  of  the  "TNT 
Flats"  area,  it  seems  likely  that  leachate  from  this  area  is  responsible 
for  these  puddles.  Further,  since  the  sediments  at  station  B5  do  not 
show  the  same  level  of  munitions  compounds  enrichment  as  those  at  B4 , 
despite  the  fact  that  Group  2 is  perhaps  the  busiest  conventional 
munitions  processing  operation  along  Brush  Creek,  it  seems  likely  that 
leachate  from  the  "TNT  Flats"  area  is  responsible  for  the  very  high 
concentrations  of  raunitions-related  compounds  observed  in  the  B4 
sediments.  Indeed,  this  leachate  should  probably  be  considered  a significant 
source  of  such  compounds  throughout  the  downstream  areas  of  Brush  Creek. 
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Table  59.  SEDIMENT  PHASE  MUNITIONS  DATA 
FROM  "TNT  FLATS"  NEAR 
IOWA  ARMY  AMMUNITION  PLANT 
STATION  B4 


Parameter  Concentration 

(mg/kg) 

2, 6-Dinitrotoluene  0.5 

2,4-Dinitrotoluene  3.0 

1.3.5- Trinitrobenzene  0.6 

2.4.6- Trinitrotoluene  3030 

4-Hydroxylamino-2, 6-Dinitrotoluene  101 

2-Hydroxylaraino-4, 6-Dinitrotoluene  180 


y 


Another  area  of  very  high  concentrations  of  munitions  compounds  was  found 
near  the  IAAP  Group  800.  A large  impoundment  of  "pink-water",  used 
primarily  as  a wastewater  storage  area,  is  situated  just  east  of  the  Group 
800  security  fence.  Sediment  samples  taken  from  this  impoundment 
approximate  the  same  level  of  munitions  related  compounds  as  soil  samples 
from  the  "TNT  Flats".  A breach  in  the  diking  system  around  this  impound- 
ment during  1974  may  well  be  responsible  for  "pink-water"  puddles  observed 
at  downstream  Brush  Creek  stations  during  the  1974  field  survey.  The 
diking  system  has  been  rebuilt  and  was  intact  throughout  both  1975  survey 
periods.  Conflicting  stories  were  obtained  from  I.AAP  personnel  concerning 
the  present  utility  of  this  impoundment. 

In  order  to  summarize  the  effects  of  IAAP  production  lines  on  the  level 
of  munitions  - related  compounds  in  the  Brush  Creek  system,  average 
concentrations  found  in  the  aqueous  and  sediment  phases  during  the 
summer  and  fall  surveys  are  found  in  Figures  9 and  10  respectively. 
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Figure  9.  Mean  Concentration  of  2,4,6-Trinitrotoluene 
During  the  June  1975  Survey. 
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Figure  10.  Mean  Concentration  of  2,4,6-Trinitrotoluene 
During  October  1975  Survey. 
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SECTION  VII 


BIOLOGY 


DATA  ANALYSES 


Population  Indices 


Various  mathematical  expressions  of  population  diversity  were  used  in 

23  2 A 25 

comparing  the  associations  of  species  from  the  collected  samples  ’ ’ 

Collectively  referred  to  as  species  diversity  indices,  these  expressions 

have  been  used  as  successful  tools  for  the  assessment  of  the  effects 

93  9 ^ 27 

of  pollution  on  aquatic  biota-  ’ ’ .In  this  survey  several 

indices  were  applied  to  the  species  data  in  comparisons  of  replication 
and  as  comparisons  of  species  associations  between  sampling  stations. 
Comparisons  were  drawn  between  samples  collected  from  similar  substrate 
types,  e.g.,  glass  slide  artificial  substrates  between  stations,  and 
between  substrate  types,  e.g.,  periphyton  from  rock  surfaces  compared 
to  samples  from  artificial  substrates.  These  comparisons  were  made  to 
determine  the  maximum  potential  population  available  to  colonize 
artificial  substrate  samplers,  which  were  used  to  maintain  a consistency 
in  sampling  techniques.  Furthermore,  since  artificial  substrates  are 
somewhat  selective,  these  comparisons  would  indicate  possible  effects 
over  a wider  range  of  organisms  as  well  as  showing  effects  on  species 
that  are  in  more  direct  contact  with  substrates  v.  ich  could  sorb  the 
pollutants  in  question. 


Species  Diversity  - 

The  Shannon  expression  (Shannon-Weaver) , which  is  based  on  information 

25,  27  28 

theory,  was  used  to  measure  species  diversity  ’ . This  index  is 

not  as  closely  related  to  the  number  of  individuals  per  sample  as  other 
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formulas  and  is  therefore  useful  in  comparing  populations  represented 
, 23 

by  varied  sample  sizes  . The  Shannon-Weaver  diversity  expression  has 

been  criticized  because  it  is  apparently  insensitive  to  the  uncommon 

and  rare  species,  although  the  significance  of  rare  species  to  community 

29 


production  is  limited,  if  not  questionable 

s 

expressed  as,  H'  = - ^ ni.  loge  ni 

, i=l  N N 

where: 


Shannon’s  diversity  is 


H'  = community  diversity 

N = total  number  of  organisms 

n = number  of  individuals  per  taxon 

s = total  number  of  species  in  a unit  area 


As  a point  of  reference,  species  diversity  values  increase  as  the  number 

of  different  species  in  a community  increases,  while  diversity  approaches 

29 

zero  when  all  individuals  belong  to  just  a few  species 


Species  Evenness  - 

In  addition  to  the  expression  of  species  diversity,  a corresponding 

evenness  expression  was  also  applied  to  the  species  data.  Evenness 

(J) , which  is  a measure  of  the  dominance  of  one  or  more  species,  was 

24,25,27 

used  as  opposed  to  the  similar  expression  of  redundancy  (r) 

Evenness  is  expressed  as,  J = H 1 _ H ' 


,2fl 


H max  logS 


where: 

H max 


N! 


- Slog2  (|)! 


Eveness  (J)  is  inversely  proportional  to  redundancy  (r)  and  will  tend  to 
parallel  species  diversity.  As  pollution  increases  and  there  is  a 
corresponding  shift  to  a large  number  of  individuals  represented  by 
few  taxa,  there  will  be  a high  redundancy  (r)  and  a low  diversity  (H ’ ) 

with  low  evenness  (J) . Under  clean  water  conditions  species  diversity 

•>5 

and  evenness  will  tend  to  be  high  while  redundancy  is  low  “ . 
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Truancated  Normal  Curve  - 


This  method  of  comparison  was  applied  to  diatom  species  data  although 

28  30  31 

its  usefullness  was  limited  by  the  number  of  specimens  counted  ’ ’ 

The  truncated  normal  curve  is  typically  applied  to  data  acquired  through 
"long  counts"  of  5,000,  8,000,  or  10,000  diatoms  . Diatom  data 
generated  throughout  this  survey  was  based  on  "short  counts"  of  500 
diatoms  on  each  of  the  sample  replicates.  These  data  were  then 
combined  to  yield  effective  counts  of  1,500  diatoms  and  2,500  diatoms 
respectively  for  the  enumeration  of  three  and  five  replicates.  Similar 
to  species  diversity  indices,  the  truncated  normal  curve  reflects  the 

typical  increase  of  total  numbers  of  individuals  with  reduced  number  of 

, . 26,28,32 

total  species  m response  to  pollutants 


Coefficient  of  Similarity 

Another  means  of  comparing  the  biological  communities  under  study  was 
the  measurement  of  the  degree  of  similarity  between  species  associations 
at  different  sampling  stations.  The  coefficient  of  similarity  was  also 
used  to  indicate  the  degree  of  likeness  between  replicate  samples.  Many 
researchers  have  realized  that  in  addition  to  community  structure  (i.e., 
species  diversity),  similarity  of  species  occurrence  is  likewise  signifi- 
cantly important  One  assumes  that  given  identical 

physico-chemical  conditions  aquatic  communities  will  be  similar  when 
sampled  from  proximal  locations  within  the  same  system.  This  concept 
has  been  shown  to  hold  true  both  with  distance  between  stations  and 
with  time  at  the  same  station  within  a river  system  uniess 

influenced  by  waste  discharges  or  other  sources  of  pollution.  The 

34  35 

coefficient  of  similarity  developed  by  Pinkham  and  Pearson  ’ , was 

applied  to  the  diatom  and  benthic  macroinvertebrate  species  data  of 
this  survey.  Unlike  other  coefficients  which  are  based  on  presence 
and  absence  of  species,  the  Pinkham  and  Pearson  coefficient  utilized 
quantitative  data  of  species  occurrence,  thereby  producing  a more  reliable 
comparison  of  data  J * 
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For  the  comparison  of  replicate  and  station  similarity  of  periphyton  species 
data  collected  from  artificial  substrates,  formula  "B9"  of  the  Pinkham  and 
Pearson  Coefficient  of  Association  was  utilized.  Mutual  absence  of  species, 
i.e.,  0/0  matches,  were  ignored  ’ . This  formula  is  used  when  organisms 

of  a sample  (s)  represent  a single  trophic  level,  in  this  case,  only  diatom 
species  associations  were  compared.  The  relative  abundance  or  frequency  of 
occurrence  is  an  important  factor  when  this  formula  is  used.  In  comparing 
populations  of  the  same  trophic  level  the  dominance  of  a single  species 
or  the  co-dominance  of  two  or  three  species  is  important,  especially  if 
this  dominance  is  altered  between  samples  or  stations. 

When  periphyton  species  associations,  i.e.,  diatoms,  were  compared 

from  samples  collected  from  natural  substrates  formula  "B  " was  used 

34  35  1 

with  0/0  matches  scored  as  one  ’ . This  formula  is  more  applicable 

to  samples  collected  by  differing  methodologies.  In  this  case,  periphyton 
collected  from  natural  substrates  were  considered  as  "different  methodology" 
since  different  substrate  types,  i.e.,  wood  surfaces,  rock  surfaces,  and 
sediment  surfaces,  were  sampled. 
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PERIPHYTON 


Analytical  Procedures 
Species  Occurrence  - 

Species  identifications  of  diatom  and  non-diatom  algae  were  made  on 
preparations  of  material  collected  from  natural  and  artificial  substrates 
Periphyton  on  artificial  substrates  was  first  scraped  from  the  slides 
and  permitted  to  settle  to  the  bottom  of  the  sample  container.  Aliquots 
were  taken  from  the  replicate  artificial  substrate  samples  and  from  the 
natural  substrate  collections  and  processed  independently  of  each  other. 
One  set  of  aliquots  was  held  for  the  identification  of  non-diatom  algae 
while  the  second  set  of  aliquots  was  prepared  for  permanent  diatom  mounts 

Diatom  dominance  - The  hydrogen  peroxide /potassium  dichromate  procedure 

was  used  for  preparing  diatom  material.  Duplicate  slide  mounts  were 

TM*  3 1 

prepared  from  each  replicate  sample  using  Hyrax  , mounting  media 
Short  counts  of  500  diatom  frustules  were  made  on  each  sample  replicate 
from  the  artificial  substrates  and  from  each  natural  substrate  type. 
Slides  were  first  scanned  under  low-power  magnification  (100  X)  to 
visualize  the  distribution  of  frustules.  If  uneven  distribution  or 
clumping  was  observed  the  slide  was  discarded.  Transects  were  made 
across  the  cover  slip  and  all  complete,  i.e.,  non-broken,  diatom 
frustules  were  identified  and  enumerated.  From  these  data  diatom 
distribution  and  percent  dominance  was  determined.  Data  among 
replicates  and  between  stations  was  compared  through  the  use  of  species 
diversity,  species  evenness,  and  coefficient  of  similarity.  Dominance 
of  a species  or  species  complex  is  discussed  in  terms  of  its  relative 
frequency  to  other  species.  This  is  based  on  the  following 
classification  : 

Percent  Occurrence  Relative  Frequency 

60-100  abundant 

30-60  very  common 


Custom  R & D Company,  Auburn,  California 
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Percent  Occurrence 


Relative  Frequency 


5-30  common 

1-5  occassional  (uncommon) 

1 rare 

A species  or  species  group  is  often  referred  to  as  being  "dominant"  if  it 
has  the  highest  level  of  occurrence  even  though  its  relative  frequency 
is  at  the  common  level  (5-30  percent) . Therefore  "dominant"  does  not 
necessarily  equate  with  "abundant".  Diatoms  were  identified  to  the  species 
and  variety  level  using  the  taxonomic  keys  of  Hansmann,  Hohn  and  Hellerman, 
Hustedt,  Mayer,  Patrick  and  Reimer,  Stoermer  and  Yang,  and  Weber 
(Appendix  IX) . 

Non-diatom  dominance  - A second  set  of  sample  aliquots  was  used  for  the 
identification  of  non-diatom  algae.  Each  sample  was  concentrated  and  a 
one  drop  subsample  was  removed  and  placed  on  a glass  microscope  slide. 
Coverslips  were  put  into  place  and  sealed  with  clear  fingernail  polish. 

The  slides  were  then  dried  to  form  semi-permanent  mounts.  Transects 
were  observed  using  400  X magnification  and  200  algal  cells  were 
identified  and  enumerated.  High  magnification  (1000  X)  was  used  when 
necessary  to  identify  some  individuals  to  the  species  level.  Ten  cells 
of  filamentous  forms  were  counted  as  one  individual.  Identifications 
were  made  according  to  the  taxonomic  keys  of  Prescott  and  Smith 
(Appendix  IX).  From  these  counts  a species  list  showing  relative 
abundance  was  constructed. 

Ash-free  dry  weight  - 

Formalin  preserved  samples  were  returned  to  the  laboratory  where  the 
glass  slide  substrates  were  scraped  with  wooden  toothpicks  to  remove 
the  periphyton  growth.  This  material  was  then  filtered  onto  prerinsed/ 
preweighed  Whatman  GF/C  glass  fiber  filters  (4,25  centimeters  diameter; 

0.45  micron  pore  size)  and  rinsed  with  distilled  water.  The  filtrate 
was  dried  for  24  hours  at  100°  centigrade,  weighed,  ashed  for  one  hour  at 
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550°  centigrade,  rehydrated  with  distilled  water,  dried  at  100°C,  and 

2 

weighed.  From  this  information  dry  weight  (mg/m  ),  ash-free  dry  weight 

9 2 3637 

(mg/m“) , and  organic  weight  produced  (mg/m  /day)  were  calculated  ’ 

Values  of  replicate  samples  were  plotted  and  mean  and  standard  deviation 

were  calculated. 

Chlorophyll  - 

Frozen  samples  were  removed  from  the  sample  containers  and  tissue  ground 

with  five  to  eight  milliliters  90  percent  v/v  aqueous  acetone  and  a small 

amount  of  magnesium  carbonate.  Sample  volume  was  then  adjusted  to  ten 

milliliters  with  90  percent  aqueous  acetone  and  centrifuged  samples  and 

adsorbance  was  read  on  a Gilford  spectrophotometer.  The  trichromatic 

36  38 

method  was  followed  as  described  by  Weber  , and  Slack,  et  al  . These 

2 

data  were  reported  as  chlorophyll  a (mg/m“) , chlorophyll  a production 
2 

(mg/m  /day),  and  before  acidification : af ter  acidification  ratio.  Mean 
and  standard  deviation  were  calculated  on  replicate  samples  and  these  data 
were  plotted  against  station  location. 

Autotrophic  Index  - 

Ash-free  dry  weight  (organic  biomass)  and  chlorophyll  a were  used  in 

a ratio  which  indicates  the  compositional  development  of  the  periphyton 

communities  sampled.  This  ratio,  the  autotrophic  index,  is  expressed 

2 2 

as,  organic  biomass  (mg/m  ) /chlorophyll  a (mg/m  ) and  has  been  used  to 

indicate  organic  pollution  and  effluent  toxicity ^ . The  numerical 

value  of  this  index  increases  with  an  increase  in  nonalgal  biomass 

and  decreases  with  an  increase  in  algal  biomass.  In  theory  those 

aquatic  systems  receiving  organic  pollution  will  support  a greater 

biomass  of  bacteria,  fungi,  and  protozoa  rather  than  algae,  thereby 

raising  the  numerical  value  of  this  ratio  (>  100).  Under  "clean 

water"  conditions  with  a large  biomass  of  algae  the  autotrophic  index 

36  39 

is  numerically  low,  less  than  100  being  considered  as  not  polluted  ’ 
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Adenosine  Triphosphate  (ATP)  - 

Measurements  of  ATP  (adenosine  triphosphate)  were  taken  from  sediments 
and  from  periphyton  collected  on  glass  microscope  slides  at  the  IAAP 
facility.  Periphyton  collections  were  made  at  the  10  stations  of 
Brush  and  Spring  Creeks:  four  replicate  samples  were  collected  from 
three  stations  while  single  or  duplicate  samples  were  collected  at  the 
remaining  seven  stations.  Samples  were  dry  ice  frozen  in  the  field  and 
taken  to  the  laboratory  for  processing  within  48  hours  after  collection. 

ATP  Extraction  - The  periphyton,  which  had  been  scraped  from  the  glass 

slide  substrates  and  filtered  onto  glass  fiber  filters,  were  extracted 

for  ATP  using  boiling  Tris  buffer40.  Filters  with  filtrate  were  cut 

into  pieces  to  facilitate  handling  and  placed  in  centrifuge  tubes  with  16 

milliliters  0.02  M boiling  Tris  buffer,  pH  7.78.  This  material  was  vortexed 

for  15  minutes  then  boiled  for  an  additional  four  minutes.  The  extract 

was  centrifuged,  diluted  one-tenth,  and  analyzed  for  ATP  using  a DuPont 

Model  760  Luminescence  Biometer.  Concentrate  was  determined  from  a 

-12 

standard  curve  and  recorded  as  remtograms,  i.e.,  10  “ milligrams  per 

milliliter . 

This  procedure  was  shown  to  be  efficient  and  reproducible  under  successive 

40 

experiments.  The  extracted  ATP  was  stable  for  at  least  30  minutes 

Other  researchers  have  indicated  that  extracted  ATP  can  be  stored  for 

4 1 

long  periods  (30  months)  if  kept  frozen  at  -20  degrees  centrigrade 
Furthermore,  the  most  critical  period  is  at  the  time  of  sample  collection. 
Samples  which  are  frozen  immediately  with  dry  ice  or  liquid  nitrogen 
yield  as  much  as  80  percent  more  ATP  than  samples  frozen  and  held  at  -20 
degrees  centigrade4^. 

2 

ATP  comparisons  - The  data  were  related  at  ATP  (mg/m  ) , ATP/chlorcphyll  a, 
ATF/ash-free  dry  weight,  and  as  conversionts  of  ATP  to  biomass  and  vice 
versa.  These  latter  conversions  were  based  on  factors  derived  by  other 
authors  and  reported  in  the  literature. 

The  ratios  of  ATP  to  ash-free  dry  weight  and  chlorophyll  a,  were  determined 
and  applied  in  a manner  similar  to  the  autotrophic  index  (ash-free  dry 
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weight/chlorophyll  a).  The  ratio  of  ATP/chlorophyll  a_  will  increase 
as  there  is  an  increase  in  heterotrophic  species  and/or  a decrease 
in  autotrophic  species,  i.e.,  chlorophyll  a.  The  ratio  of  ATP/ash-free 
dry  weight  will  decrease  with  an  increase  in  ash-free  dry  weight,  i.e., 
heterotrophic  species,  especially  if  the  source  of  ash-free  dry  weight 
is  non-living  organic  material. 

The  following  conversion  factors  were  applied  to  the  measured  levels 
of  ATP,  and  ash-free  dry  weight.  It  should  be  noted  that  most  values 
and  conversions  reported  in  the  literature  are  derived  from  laboratory 
cultures  and  are  therefore  free  of  interferences  such  as  products  of 
decomposition,  inorganic  materials,  and  non-viable  organic  part iculates , 
i.e.,  detritus.  It  is  therefore  suspected  that  these  conversion  factors 
may  be  somewhat  idealistic. 

39 

Biomass  to  ATP  - Weber  reported  that  on  an  average  there  is  2.4  Mg 

9 

ATP/mg  ash-free  dry  weight.  The  measured  ATP  levels  (Mg/m“)  were  thus 

2 

divided  by  the  measured  levels  of  ash-free  dry  weight  (mg/nO  , and 
are  reported  as  ATP  (Mg) /ash-free  dry  weight  (mg).  These  calculated 
values  were  then  compared  to  the  value  of  2.4  Mg  ATP  reported  by  Weber, 

42 

Holm-Hansen  indicated  that  in  algae  0.35  percent  of  cellular  carbon 
was  ATP  but  values  ranged  from  20  to  50  percent  of  0.35  percent.  This 

conversion  was  made  using  the  measured  levels  of  ash-free  dry  weight 

, 2 

(rag/m  ).  Values  at  0.35  percent  (0.0035)  and  0.175  percent  (0.00175) 
of  the  ash-free  dry  weight  were  calculated  and  compared  to  measured 
levels  of  ATP. 

43 

ATP  to  total  cellular  carbon  - Holm-Hansen  converted  ATP  to  total 

cellular  carbon  by  using  a multiplication  factor  of  250.  Therefore, 

measured  ATP  x 250  should  equal  (or  nearly  equal)  total  viable  organic 

biomass.  The  measured  ATP  levels  of  periphyton  collected  from  artificial 

substrates  was  multiplied  by  250  and  this  value,  i.e.,  total  cellular 
2 

carbon  (mg/m  ) , was  compared  to  the  measured  levels  of  ash-free  dry 

2 

weight  (mg/m  ) . 
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These  conversions  and  ratios  were  then  compared  in  an  effort  to  indicate 
the  viability  of  the  periphyton  microcommunity  and  to  show  effects  of 
waste  discharge  on  periphyton. 
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Results  (May-June) 

Species  Occurrence  - 

Diatom  dominance  on  artificial  substrates  (May-June)  - The  trend  of  diatom 
species  diversity  on  artificial  substrates  for  Brush  and  Spring  Creeks 
showed  an  irregular  pattern.  Replication  of  the  five  samples  collected 
at  each  station  was  sometimes  variable.  Table  oOand  Figure  11  show  the 
values  of  species  diversity  calculated  for  each  sample  replicate,  as 
well  as  the  mean  and  standard  deviation  of  the  replicates  for  each 
station.  Of  the  five  replicates,  usually  one  was  different  from  the 
other  four  replicates  at  each  station.  This  is  indicated  by  some  values 
occurring  outside  the  limits  of  the  standard  deviation  at  each  station. 

The  degree  of  replication  is  further  verified  through  the  use  of  the 
Pinkham  and  Pearson  coefficient  of  association.  Using  this  means  of 
analysis  the  following  were  noted: 

1)  At  station  B1  the  diatom  species  distribution  of  the  five  replicates 
was  similar  above  the  35  percent  level  (Figure  Li  ) , with  two  replicates 
being  similar  above  the  55  percent  level  and  two  other  replicates  being 
similar  above  the  65  percent  level.  It  is  difficult  to  say  that  the 
mean  species  diversity  of  1.85  (Table  60  ) for  the  five  replicates  is 
representative  of  the  diatom  population.  This  is  due  to  poor  sampling 
conditions  due  to  the  samplers  being  out  of  the  water  for  an  unknown 
period  of  time. 

2)  At  station  B2  there  were  four  replicate  samples  which  had  diatom 
species  similarity  above  the  60  percent  level  (Figure  13  ),  while  the 
fifth  replicate  was  similar  to  the  other  four  at  the  45  percent  level. 

The  mean  diatom  species  diversity  at  station  B2  remains  at  1.80 
(Table6u  )even  when  the  fifth  (i.e.  most  different)  replicate  is 
ignored . 

3)  Replication  of  samples  at  station  B3  was  variable.  One  pair  of 
replicates  was  similar  at  the  75  percent  level  while  a second  pair  was 
similar  at  the  68  percent  level  (Figure  14) . These  two  replicate  pairs 
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FROM  FIVE  REPLICATE  ARTIFICIAL  SUBSTRATES.  IOWA  ARMY  AMMUNITION  PLANT. 


FROM  FIVE  REPLICATE  ARTIFICIAL  SUBSTRATES.  IOWA  ARMY  AMMUNITION  PLANT. 


Shannon  — Weaver  Species  Diversity  and  Evenness 
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were  similar  at  the  55  percent  level,  however  the  fifth  replicate  was 
only  similar  to  the  four  replicates  at  the  45  percent  level.  The  mean 
diatom  species  diversity,  2.54  (Table 60  ) is  representative  of  the  popula- 
tion present,  even  when  the  fifth  replicate  is  not  considered. 

4)  The  four  replicate  samples  at  station  B4  (only  four  replicates  due  to 
the  fifth  being  lost)  were  similar  at  the  35  percent  level  (Figure  15  ) . 
Three  replicates  were  similar  at  the  55  percent  level.  When  eliminating 
the  replicate  for  slide  position  number  8,  mean  diatom  species  diversity 
changed  from  2.28  to  2.37,  only  a difference  of  0.09. 

5)  At  station  B5  again  only  four  replicates  were  retrieved,  with  two 
replicates  being  similar  at  the  76  percent  level  and  the  other  two 
replicates  being  similar  at  the  73  percent  level  (Figure  lu  ) . Both  pairs 
of  replicates  were  similar  with  each  other  at  the  41  percent  level,  there- 
fore, the  mean  diatom  species  diversity  of  1.81  (Table  60)  appears  to  be 
representative  of  the  population  present. 

6)  Station  B6  showed  a similarity  above  the  40  percent  level  for  five 
replicate  samples  (Figure  17  ) . Four  of  the  replicates  were  similar  above 
the  60  percent  level  but  the  elimination  of  one  replicate  did  not  make 

a significant  difference  on  the  mean  diatom  species  diversity. 

7)  At  station  B7,  replicate  slide  position  number  five  was  most 
dissimilar  at  the  30  percent  level,  while  the  remaining  four  replicates 
were  similar  above  the  40  percent  level  (Figure  18) . The  mean  diatom 
species  diversity  did  not  change  appreciably  from  2.69  (Table  60)  when 
ignoring  replicate  slide  position  number  five. 

8)  Replication  of  diatom  species  associations  at  station  B8  (Figure  19) 
was  similar  above  the  50  percent  level.  Four  of  these  five  replicates 
were  similar  above  the  60  percent  level.  Ignoring  slide  position  number 
11,  mean  diatom  species  diversity  at  this  station  decreased  from  2.36  to 
2.30,  an  insignificant  change. 

9)  Station  SI  of  Spring  Creek  had  only  four  replicate  samples  retrieved. 

Of  these  four  replicates,  three  were  similar  above  the  90  percent  level 
while  the  fourth  replicate  was  similar  to  the  other  three  at  only  the 

10  percent  level.  The  mean  diatom  species  diversity  at  this  station  was 
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1.03  (Table 60  ) but  would  be  somewhat  lower  at  0.56  if  the  most  different 
replicate  was  ignored.  This  difference  of  0.47  is  very  significant  and 
the  adjusted  diversity,  0.56  is  most  likely  more  indicative  of  the  diatom 
diversity  at  this  station. (Figure  20  ) 

10)  At  station  S2  the  diatom  species  distribution  of  the  five  replicates 
was  similar  above  the  45  percent  level  (Figure  21  )»  with  three  replicates 
being  similar  above  the  60  percent  level.  Calculating  the  mean  diatom 
species  diversity  for  the  three  replicates  as  mentioned  above,  the  value 
remains  the  same,  2.30,  as  when  calculated  using  the  five  replicate 
samples . 


Through  the  application  of  species  diversity  and  coefficient  of  similarity 
to  the  replicate  samples  at  every  station,  a better  description  of  the 
diatom  likeness,  as  shown  by  the  coefficient  of  similarity,  indicated 
whether  or  not  a sufficient  sample  was  taken  to  adequately  describe  the 
existing  community.  It  was  shown  that  most  often  one  of  the  five  replicate 
samples  was  quite  different  from  the  remaining  samples  and  the  presence 
or  absence  of  its  species  data  had  little  effect  on  the  estimation  of 
diatom  community  structure,  i.e.  species  diversity.  Thus,  the  inclusion 
of  all  replicate  samples  on  a combined  basis  at  each  station  provided 
a broader  species  complex  from  which  station-to-station  comparisons 
were  made.  This  approach  included  the  occurrence  of  many  rare  and 
uncommon  species  but  did  not  significantly  alter  the  calculated  mean 
diatom  species  diversity  at  the  respective  stations. 

Mean  diatom  species  diversity  of  periphyton  collected  from  artificial 
substrates  decreased  slightly  when  moving  downstream  from  station  B1  to 
B2  which  then  increased  sharply  at  station  B3.  Downstream  at  stations 
B4  and  B5,  diversity  decreased  with  station  B5  being  at  a similar  level 
to  station  B2  (Table  60;  Figure  11  ).  Species  diversity  then  increased 
significantly  at  stations  B6  and  B7  with  a slight  decrease  at  station 
B8.  Species  evenness  (Table  ol ; Figure  11)  showed  a parallel  trend  with 
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SLIDE  POSITION  (8) 


species  diversity,  but  decreases  and  increases  were  more  gradual. 

Species  diversity  differed  considerably  between  the  two  Spring  Creek 
staions.  A large  increase  of  about  3.0  occurred  between  station  SI  and 
station  S2  (Table  hO;  Figure  11  ) . Species  evenness  paralleled  species 
diversity  (Table  61;  Figure  11). 

Diatom  species  data  from  replicate  samples  were  combined  and  compared 
between  stations  using  the  coefficient  of  similarity.  The  application  of 
the  Pinkham  and  Pearson  coefficient  of  association  resulted  in  four 
stations  (SI,  S2,  Bl,  and  B8)  being  grouped  due  to  the  relatively  high 
similarity  between  them.  Station  S2  was  similar  to  station  B8  (recovery 
zone)  and  station  Bl  (reference  station  of  Brush  Creek)  at  the  38  percent 
and  36  percent  levels,  respectively  (Table  62;  Figure  22  ) . It  was  less 
similar  to  station  SI  (30  percent).  The  Spring  Creek  station  SI  was 
more  similar  to  station  B8  (33  percent)  than  to  station  S2  (30  percent). 
Station  Bl  was  less  similar  to  station  B8  (29  percent)  and  station 
SI  (27  percent)  than  to  station  S2.  Three  of  these  stations,  i.e.  S2, 

Bl,  SI,  were  expected  to  be  similar  based  on  the  fact  that  they  were 
chosen  as  reference  stations,  i.e.  no  industrial  effluents  to  affect 
the  diatom  population.  The  fourth  station,  B8  was  selected  to  indicate 
the  downstream  conditions  and  possible  recovery  and  its  similarity  with 
the  upstream  reference  station  is  encouraging. 

Among  the  remaining  stations,  B3,  B4  and  B7  were  similar  at  the  40 
percent  level  (Figure  22).  These  three  stations  showed  the  highest 
species  diversity  of  the  Brush  Creek  stations  sampled.  The  B2,  B5 
and  B6  stations  had  diatom  species  associations  similar  at  the  55  percent 
level  (Figure  22  ).  These  stations  were  also  alike  in  that  they  had 
lower  species  diversities  than  the  other  stations  on  Brush  Creek.  Both 
groups  of  three  stations  i.e.  B3,  B4,  B7,  vs.  B2,  B5,  B6  were  similar 
above  the  25  percent  level  while  the  reference  and  recovery  stations 
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(i.e.  Bl,  B8,  SI,  S2)  were  similar  to  the  others  at  only  the  16  percent 
level.  This  indicates  that  stations  31,  SI,  and  S2  were  probably  not 
affected  by  any  industrial  effluents  or  detrimental  runoff  and  served  as 
adequate  reference  stations,  and  that  Brush  Creek  had  recovered  from  the 
pollutional  effects  of  industrial  effluents  by  the  time  it  reached 

station  B8.  J | 

Application  of  the  truncated  normal  curve  to  the  Brush  Creek  periphyton 
28 

data  revealed  that  all  but  three  stations  (B3,  B4,  and  B5)  had  the 
height  of  the  mode  in  the  first  or  second  interval.  The  length  of 
these  curves  extended  into  the  twelfth  interval.  At  station  Bl  (Figure  23) 
the  height  of  the  mode  was  low  at  about  four  species.  Stations  B2  through 
B8  of  Brush  Creek  (Figures 24-30  ) had  their  mode  height  between  eight  and 
eleven  species,  at  least  twice  the  height  of  the  mode  at  Station  Bl . 

Stations  B6,  B7  and  B8  (Figure28-30  ) had  curves  representative  of  very 
diverse  diatom  communities. 

Stations  SI  and  S2  of  Spring  Creek  had  curves  more  like  station  Bl  of 
Brush  Creek.  Likewise,  the  coefficient  of  similarity  (Figure  22  ) showed 
these  stations  to  be  most  similar.  The  height  of  the  mode  for  stations 
SI  and  S2  were  four  species  and  five  species,  respectively  (Figures  31 
and  32) . 
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During  May-June  1975,  there  were  six  species  of  diatoms  which  comprised 
83  percent  of  the  diatom  association  at  station  Bl.  These  were 
Gomphonema  bohemicum  Reichelt  et  Fricke  var.  bohemicum  (31.2  percent), 
Achnanthes  lanceolata  (Breb.)  Grun.  var.  lanceolata  (19.0  percent), 
Gomphonema  intricatum  var.  pumila  Grcn.  (13.1  percent),  Rhoicosphenia 
curvata  (Kuetz.)  Grun.  eg  Rabh.  var.  curvata  (8.8  percent),  Navicula 
minima  Grun.  var.  minima  (6.1  percent)  and  Achnanthes  minutissima  Kuetz. 
var.  minutissima  (5.2  percent)  (Appendix  X ). 
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At  station  B2,  Gomphonema  bohemicum  Reichelt  et.  Fricke  var.  bohemicum 
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FIGURE  23.  Distribution  of  Diatom  Community  Collected  on  Artificial  Substrates. 
Iowa  Army  Ammunition  Plant.  Brush  Creek,  Burlington,  Iowa. 
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FIGURE  24.  Distribution  ol  Diatom  Community  Collectsdon  Artificial  Substrates. 
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FIGURE  26.  Distribution  ot  Diatom  Community  Collected  on  Artificial  Substrates. 
Iowa  Army  Ammunition  Plant,  Brush  Creek,  Burlington,  Iowa. 
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FIGURE  27 . Distribution  ol  Diatom  Community  Collected  on  Artificial  Substrates. 
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FIGURE  28.  Distribution  ol  Diatom  Community  Collected  on  Artificial  Substrates. 
Iowa  Army  Ammunition  Plant.  Brush  Creek,  Burlington.  Iowa. 
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FIGURE  29.  Distribution  of  Diatom  Community  Collected  on  Artificial  Substrates 
Iowa  Army  Ammunition  Plant,  Brush  Creek,  Burlington.  Iowa. 
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FIGURE  30.  Distribution  of  Diatom  Community  Collected  on  Artificial  Substrates. 
Iowa  Army  Ammunition  Plant,  Brush  Creek,  Burlington.  Iowa. 
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FIGURE  31,  Distribution  qJ  Diatom  Community  Collected  on  Artificial  Substrates. 
Iowa  Army  Ammunition  Plant.  Spring  Creek,  Burlington.  Iowa. 
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FIGURE  32.  Distribution  of  Oiatom  Community  Collecredon  Artificial  Substrates. 

Iowa  Army  Ammunition  Plant,  Spring  Creek.  Burlington,  Iowa. 

May— June  1975 
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decreased  below  one  percent,  while  Achnanthes  lanceolata  var.  dubia  Grun. 
increased  to  25.8  percent  and  was  common.  Achnanthes  lanceolata  (Breb.) 
Grun.  var.  lanceolata  was  dominant  increasing  in  occurrence  from  19.0 
percent  to  36.2  percent.  Three  other  species  were  uncommon  (occasional) 
above  the  five  percent  level.  These  species  were  Achnanthes  minutissima 
Kuetz.var,  minutissima  (9.8  percent),  an  increase  from  station  Bl, 
Surirella  ovalis  Breb.  var.  ovalis  (9.5  percent)  and  Navicula  pseudoatomus 
Lund  var.  pseudoatomus  (6,6  percent)  (Appendix  X).  Thus  five  species 
comprised  78  percent  of  the  diatom  dominance  at  station  B2, 
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lanceolata  decreased  in  occurrence  by  10  percent  but  was  still  dominant 
while  Achnanthes  lanceolata  var.  dubia  decreased  only  0.3  percent. 


A new  dominant  species,  Nitzschia  palea  (Kuetz.)  W.  Sm.  var.  palea 
(17  percent)  appeared  at  station  B7.  Four  other  species,  Achnanthes 
lanceolata  (Breb.)  Grun.  var.  lanceolata  (16.4  percent),  Nitzschia 
fonticola  Grun.  var.  fonticola  (8.0  percent),  Gomphonema  parvulum  Kuetz. 
var.  parvulum  (7.5  percent)  and  Gomphonema  angustatum  (Kuetz.)  Rabh. 
var.  angustatum  (5.9  percent)  together  comprised  38  percent  of  the  diatom 
population  at  this  station. 

Station  B8  had  a very  different  population  dominance.  Cocconeis  pediculus 
Ehr.  var.  pediculus  was  the  most  dominant  (32.6  percent)  of  six  species 
which  together  comprised  73  percent  of  the  population  at  this  station. 
Gomphonema  intricatum  var.  pumila  Grun.,  which  was  common  at  only  the  B1 
station,  recurred  at  B8  at  the  12.5  percent  level.  Other  species  present 
and  occurring  over  the  5 percent  level  (common)  in  ranking  order  were 
Cocconeis  placentula  var.  euglypta  (Ehr.)  Cl.,  Achnanthes  lanceolata 
(Breb.)  Grun.  var.  lanceolata,  Gomphonema  parvulum  Kuetz.  var.  parvulum 
and  Gomphonema  angustatum  (Kuetz.)  Rabh.  var.  angustatum  (Appendix  X )• 

Spring  Creek  species  dominance  was  much  the  same  as  Brush  Creek  but  at 
different  percentage  levels.  Station  SI  had  six  species  which  comprised 
98  percent  of  the  diatom  association.  Cocconeis  placentula  var.  euglypta 
(Ehr.)  Cl.  was  the  most  dominant  (57.9  percent)  with  Gomphonema  intricatum 
var.  pumila  Grun.  (10.4  percent),  G.  bohemicum  Reichelt  et  Fricke  var. 
bohemicum  (9.0  percent),  Gomphonema  parvulum  Kuetz.  var.  parvulum 
(7.6  percent),  Achnanthes  lanceolata  (Breb.)  Grun.  var.  lanceolata 
(6.7  percent)  and  Rhoichosphenia  curvata  (Kuetz.)  Grun.  gx  Rabh.  (6.5 
percent)  following. 

At  station  S2,  61  percent  of  the  diatom  population  was  comprised  of  four 
species.  Twenty-seven  percent  of  the  diatom  association  was  Rhoicosphenia 
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curvata  (Kuetz.)  Grun.  var.  curvata,  compared  to  6,5  percent  at  station 
SI.  Gomphonema  bohemicum  Reichelt  et  Fricke  var,  bohemicum,  Gomphonema 
intricatum  var.  pumila  Grun.  and  Gomphonema  angustatum  (Kuetz.)  Rabh. 
var.  angustatum  occurred  next  in  decreasing  order. 

Differences  in  diatom  community  structure  and  similarity  which  occurred 
between  the  sampling  stations  were  the  result  of  the  occurrence,  loss,  and 
recurrence  of  uncommon  and  rare  species,  each  occurring  at  a level  of 
between  five  and  one  percent  or  less  than  one  percent,  respectively.  To 
summarize  Appendix  X , total  number  of  taxa  per  station  increased  moving 
downstream.  The  three  most  upstream  stations  averaged  a total  taxa  of 
43,  while  the  mid-stream  stations  averaged  56  taxa.  The  two  downstream 
stations,  B7  and  B8,  averaged  60  taxa.  Stations  SI  and  S2  of  Spring 
Creek  had  17  taxa  and  40  taxa  respectively. 

Occurrence  of  non-diatom  algae  on  artificial  substrates  (May-June)  - 
Non-diatom  algae  comprised  a large  percentage  of  the  periphyton  community 
in  terms  of  species  occurrence.  This  occurrence  was  related  only  as 
percent  dominance  and  not  as  numbers  per  unit  area  nor  as  biomass  per 
unit  area.  At  station  B1  Oscillatoria  limnetica  Leimn.  was  dominant 
at  35  percent.  The  pennate  diatoms  and  a blue-green  alga,  Phormidium 
mucicola  Naumann  & Huber-Pestalozzi,  were  present  at  24  percent  and  11 
percent,  respectively.  Six  other  non-diatom  species  occurred  under  the 
six  percent  level  (Appendix  XI  ) . 

Unlike  station  Bl,  the  pennate  diatoms  (73  percent)  were  dominant  at 
station  B2.  The  most  dominant  non-diatom  specie  was  Protoderma  viride 
Kuetz.  at  7.6  percent  occurrence  of  10  other  non-diatom  species  were 
under  five  percent. 

Station  B3  was  dominanted  by  Protoderma  viride  Kuetz.  which  increased 
from  7.6  percent  at  station  B2  to  42,1  percent.  The  pennate  diatoms  were 


» 

present  at  a level  of  31  percent.  The  remaining  seven  species  occurred 
at  a level  of  less  than  nine  percent, 

A member  of  the  Cyanophyta,  Chroococcus  dispersus  (Keissl.)  Lemm.  (48 
percent) , was  dominant  at  station  B4  while  the  pennate  diatoms  occurred 
at  the  29  percent  level.  Six  species  of  non-diatom  algae  comprised  the 
other  23  percent  of  the  population. 

Chroococcus  dispersus  (Keissl.)  Lemm.  increased  greatly  from  station  B4 
(48  percent)  to  station  B5  (71  percent).  The  pennate  diatoms  were  only 
at  the  14  percent  level  of  dominance.  All  other  species  occurred  at 
less  than  the  10  percent  level. 

Protoderma  viride  Kuetz.  recurred  at  station  B6,  increasing  to  21  percent 
from  7.6  percent  at  station  B3.  The  pennate  diatoms  as  a group,  and 
Chamaesiphon  incrustans  Grun.  each  were  present  at  20  percent.  Two 
other  species  were  common  over  the  10  percent  level  and  the  remaining 
five  species  found  at  this  station  occurred  under  six  percent. 

At  station  B7,  Protoderma  viride  Kuetz.  remained  at  the  20  percent  level 
of  occurrance.  Occurring  at  a higher  dominance  level  were  the  pennate 
diatoms  (25  percent)  and  Chamaesiphon  incrustans  Grun.  (24  percent). 
Characium  ambiguum  Hermann  was  present  above  10  percent. 

Again,  at  station  B8,  Protoderma  viride  Kuetz.  was  the  most  dominant 
non-diatom  alga  (22  percent) . The  pennate  diatoms  doubled  in  dominance 
from  25  percent  to  50  percent.  Chroococcus  dispersus  (Keissl.)  Lemm. 
and  Chamaesiphon  incrustans  Grun.  were  common  at  exactly  10  percent. 

All  other  species  were  present  under  five  percent. 

f% 

Both  Spring  Creek  stations,  SI  and  S2,  showed  the  pennate  diatoms  to  be 
dominant  at  53  percent  and  44  percent,  respectively  (Appendix  XI  ). 

Co-dominant  at  both  stations  was  Protoderma  viride  Kuetz.  occurring  at 
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20  percent  at  station  SI  and  15  percent  at  station  S2.  Common  at  both 
stations  was  Chamaesiphon  incrustans  Grun.  These  two  stations  showed 
a similar  dominance  of  non-diatom  species  to  the  downstream  stations  of 
Brush  Creek  (stations  B6,  B7,  and  B8) , 


The  application  of  a simplified  species  richness  formula  to  these  data 
indicated  little  variation  in  periphyton  community  structure.  The  formula 

used  was  S-1/lnN  where:  S = the  number  of  species,  and  N = the  number  of 

23 

individuals  counted  “ . Species  richness  was  similar  at  the  most  upstream 
stations  (Bl,  B2  and  B3)  with  a slight  decrease  occurring  in  the  central 
area  (stations  B4  and  B5)  of  Brush  Creek.  At  stations  B6  and  B7 
species  richness  increased  again,  however,  at  station  B8  it  dropped 
sharply  to  a low  level  of  0.84  (Table  63 ) . The  pennate  diatoms  were 
most  dominant  at  station  B8.  The  low  species  richness  (0.84)  at  this 
station  is  probably  associated  with  the  large  mats  of  Cladophora  that 
covered  the  periphyton  samplers  during  the  June  collection  period.  From 
station  SI  to  station  S2  of  Spring  Creek  an  increase  was  seen  in  species 
richness.  Observed  variations  were  the  result  of  the  loss  of  uncommon 
species  between  these  stations  and  the  increase  in  the  number  of 
individuals,  especially  the  pennate  diatoms. 

Table  63  . SPECIES  RICHNESS  OF  NON-DIATOM  ALGAE 
BASED  ON  THREE  COMBINED  ARTIFICIAL  SUBSTRATE 
REPLICATES.  IOWA  ARMY  AMMUNITION  PLANT. 

BRUSH  AND  SPRING  CREEK,  BURLINGTON,  IOWA. 

MAY- JUNE,  1975 


Station 

Species  Richness 

Station 

Species  Richness 

1 

Bl 

1.40 

B7 

1.61. 

B2 

1.41 

B8 

0.84 

B3 

1.33 

SI 

1.30 

B4 

1.20 

S2 

1.70 

) 

B5 

1.23 

B6 

1.52 
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Diatom  dominance  on  natural  substrates  (May-June)  - Samples  collected 
from  natural  substrates  included  growths  on  wood,  rock,  and  sediment 
surfaces.  Tables  64 and  ooshow  the  values  of  species  diversity  and 
evenness  for  each  substrate,  respectively,  as  well  as  the  mean  and 
standard  deviation  for  these  values.  Diversity  based  on  combined 
species  data  from  the  three  substrate  types  is  also  included  in  Table  64. 
The  combined  species  diversity  is  more  representative  of  the  periphyton 
community  occurring  at  the  different  stations  because  these  are  not  true 
replicate  samples  since  they  are  from  different  substrate  types. 

Using  the  combined  species  diversity  values  the  following  were  noted: 

1)  Two  natural  substrates,  wood  and  sediment  showed  a high  species 
diversity  at  station  B1  (Table  64  ) . Combined  species  diversity 
was  also  very  high  (2.90). 

2)  At  station  B2,  individual  diversity  for  each  substrate  was  2.69 
and  2.54  for  wood  and  sediment,  respectively.  Mean  species 
diversity  was  2.61  while  combined  species  diversity  was  calculated 
at  2.73. 

3)  Species  diversity  for  the  three  natural  substrate  samples  collected 
from  station  B3  showed  values  between  2.20  and  2.50  (Table  64). 

The  combined  species  diversity  was  2,33. 

4)  The  wood  and  sediment  samples  at  station  B4  had  lower  values  for 
species  diversity.  A combined  species  diversity  of  2.23  was 
observed  at  this  station. 

5)  Species  diversity  for  the  three  natural  substrates  was  very  close 
at  station  B5.  Periphyton  species  diversity  for  wood  was  2.23, 
rock  was  2.12  and  sediment  was  2.24,  with  a combined  species 
diversity  of  2.20. 

6)  Species  diversity  of  the  rock  substrate  at  station  B6  was  low 
(1.93)  compared  to  the  other  stations  of  Brush  Creek.  On  wood 

and  sediment  the  species  diversity  was  2.97  and  2.70,  respectively, 
Combined  species  diversity  was  2.82. 
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Table (,5  • SHANNON-WEAVER  EVENNESS  FOR  PERIPHYTON  DIATOMS 
COLLECTED  FROM  THREE  NATURAL  SUBSTRATES. 


*Due  t substrate  limitations,  no  samples  were  collected. 


7)  At  station  B7,  combined  species  diversity  was  much  higher  (3,12) 
than  the  mean  species  diversity  (2.72),  The  sample  from  the 
sediment  substrate  had  a species  diversity  of  2.92  while  the 
wood  and  rock  substrates  showed  species  diversities  of  2.40  and 
2.84,  respectively. 

8)  Species  diversity  for  the  three  natural  substrate  samples  collected 
from  station  B8  showed  values  between  2.20  and  2.50.  The  combined 
species  diversity  was  2,68. 

9)  Station  SI  of  Spring  Creek  had  very  low  species  diversities  for  the 
individual  samples  (Table  64)  . The  mean  species  diversity  was  low 
(2.11)  while  the  combined  species  diversity  was  much  higher 

(2.56) . 

10)  At  station  S2,  individual  species  diversity  for  each  substrate 
ranged  from  2.30  to  2.90.  The  combined  species  diversity  was 
2.87  at  this  station. 

Mean  diatom  species  diversity  of  periphyton  collected  from  natural 
substrates  showed  a very  small  increase  between  station  B1  (2.59)  and 
station  B2  (2.61)  (Table64  ; Figure  33  ) . A decrease  continued  through 
stations  B3,  B4  and  B5,  with  station  B5  having  the  lowest  values  (2.20). 
An  increase  then  occurred  from  station  B5  through  station  B7  which  had 
the  highest  diversity  (2.72)  value  for  any  of  the  Brush  Creek  stations. 

A sharp  decrease  was  then  seen  between  station  37  and  station  B8  (2.72 
to  2.37).  At  Spring  Creek,  an  increase  occurred  between  station  SI 
(2.11)  and  station  S2  (2.60). 

The  combined  species  diversity  trend  was  similar  to  the  mean  species 
diversity  with  values  a few  points  higher  and  some  small  variations 
between  the  stations.  A sharp  decrease  occurred  between  stations  Bl, 

B2  and  B3  with  station  B4  and  station  B5  having  diversity  values  that 
were  similar  to  station  B3.  From  station  B5  a sharp  increase  occurred 
to  station  B7  with  a sharp  decrease  then  to  station  B8.  The  Spring 
Creek  stations,  SI  and  S2,  showed  the  same  increase  between  stations. 
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Species  evenness  (Table&5  ; Figure  33  ) showed  a parallel  trend  with  species 
diversity. 

Diatom  species  data  from  the  three  natural  substrates  were  combined  and 
compared  between  stations  using  the  coefficient  of  similarity.  The 
application  of  the  Pinkham  and  Pearson  coefficient  of  association 
resulted  in  the  six  most  upstream  stations  (Bl,  B2,  B3,  B4,  B5,  and  B6) 
being  grouped  due  to  the  relatively  high  similarity  between  them.  Each 
station  was  similar  to  the  other  five  stations  above  the  50  percent 
level.  Stations  B4  and  B5  were  the  most  similar  (70  percent)  with 
station  Bl  being  similar  to  both  these  stations  at  65  percent.  Stations 
B2,  B3  and  B6  were  similar  to  the  other  three  stations  at  60  percent, 

63  percent  and  55  percent  levels,  respectively  (Table  66;  Figure  34  ) . 

One  Brush  Creek  station  (B8)  and  two  Spring  Creek  stations  (SI  and  S2) 
were  very  similar.  These  stations  represent  the  recovery  zone  of  Brush 
Creek  and  the  reference  stations  of  Spring  Creek.  Station  SI  and  station 
S2  were  similar  at  63  percent  which  was  expected  based  on  their 
occurrence  and  close  proximity  on  the  same  stream  with  no  industrial 
effluent  present  to  affect  the  diatom  population.  Station  B8  was 
similar  to  these  two  stations  at  57  percent. 

Both  groups  of  stations  (Bl,  B2,  B3,  B4,  B5,  B6  and  B8,  SI,  S2)  were 
similar  at  55  percent.  Station  B7  of  Brush  Creek,  which  is  just  below 
the  IAAP  domestic  sewage  treatment  plant,  was  the  least  similar  to  any 
of  the  other  sampling  stations.  It  was  similar  to  all  stations  at  the 
50  percent  level.  Station  B7  was  similar  to  its  adjacent  stations  B6 
and  B8  at  52  percent  (Table  6b). 

Percent  dominance  of  the  diatom  species  occurring  on  natural  substrates 
was  calculated  from  the  species  list  in  Appendix  XII . During  May-June  1975, 
there  were  five  species  of  diatoms  which  comprised  57  percent  of  the 
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Figure  34.  IRRP  PER  I PHYT  ON  -ST  RT I ON  COMPARISON  OF  NRTURRL  SUBSTRRTES  (JUNE  75) 
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diatom  association  at  station  B1 . These  were  Surirella  ovalis  Breb, 
var.  ovalis  (19  percent),  which  was  the  dominant,  Navicula  minima  Grun. 
var.  minima  (12  percent),  Achnanthes  lanceolata  (Breb.)  Grun.  var 
lanceolata  (10  percent),  Rhoicosphenia  curvata  (Kuetz.)  Grun,  ex 
Rabh.  var.  curvata  (8  percent)  and  Gomphonema  angustatum  (Kuetz.)  Rabh. 
var.  angustatum  (8  percent). 

At  station  B2,  Surirella  ovalis  Breb,  var.  ovalis  remained  the  primary 
dominant  (25  percent)  with  Navicula  gregaria  Donk.  var.  gregaria  being 
co-dominant  (18  percent) . Two  other  species  were  common  at  this 
station,  Navicula  heufleri  var.  leptocephala  (Breb.  ex^  Grun.)  Patr. 
comb.  nov.  (10  percent)  and  Gomphonema  angustatum  (Kuetz.)  Rabh.  var. 
angustatum  (8  percent).  Thus  four  species  comprised  61  percent  cf  the 
diatom  community  on  natural  substrates. 


Five  species  were  present  at  station  B3,  comprising  66  percent  of  the 
total  diatom  community  structure.  Surirella  ovalis  Breb.  var.  ovalis 
decreased  from  25  percent  to  8 percent.  The  dominant  species  at  this 
station  was  Nitzschia  fonticola  Grun.  var.  fonticola  (29  percent)  with 
Navicula  pseudoatomus  Lund.  var.  pseudoatomus  (11  percent)  as  the  co- 
dominant. Neither  species  was  common  at  station  B1  or  station  B2. 
Other  species  common  at  this  station  were  Navicula  heufleri  var. 
leptocephala  (Breb.  ex^  Grun.)  Patr.  comb.  nov.  (10  percent)  and 
Gomphonema  bohemicum  Reichelt  et  Fricke  var.  bo hemic urn  (8  percent). 


Rhoicosphenia  curvata  (Kuetz.)  Grun.  ex  Rabh.  var.  curvata  (18  percent) 
was  the  most  dominant  species  of  the  five  that  comprised  a total  of 
65  percent  of  the  diatom  population  at  station  B4.  Surirella  ovalis 
Breb.  var.  ovalis  and  Gomphonema  bohemicum  Reichelt  et  Fricke  var. 
bohemicum  increased  7 and  6 percent,  respectively,  from  station  B3. 
Nitzschia  fonticola  Grun.  var.  fonticola  (13  percent)  and  Navicula 
pseudoatomus  Lund  var.  pseudoatomus  (5  percent)  decreased  in  abundance. 
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At  station  B5,  six  species  comprised  69  percent  of  the  diatom  population, 
with  Navicula  pseudoatomus  Lund,  var,  pseudoatomus  (25  percent)  being 
dominant.  The  co-dominant  species  was  Navicula  heuf leri  var.  leptoceophala 
(Breb.  ex_  Grun.)  Patr.  comb.  nov.  (12  percent).  Other  species  that 
were  common  at  this  station  were  Navicula  minima  Grun.  var.  minima 
(10  percent),  Nitzschia  fonticola  Grun.  var.  fonticola  (9.0  percent), 
Navicula  gregaria  Donk,  var,  gregaria  (7  percent),  and  Achnanthes 
lanceolata  (Breb.)  Grun.  var.  lanceolata  (6.0  percent).  Surirella  ovalis 


Breb.  var.  ovalis  decreased  from  15  percent  to  less  than  three  percent. 


Station  B6  had  only  four  species  together  comprising  55  percent  of  the 
diatom  association.  Navicula  pseudoatomus  Lund  var.  pseudoatomus 


decreased  from  25  percent  to  below  two  percent.  Gomphonema  parvulum 
Kuetz.  var.  parvulum  (30  percent)  was  the  dominant  at  this  station. 
Achnanthes  lanceolata  (Breb.)  Grun.  var.  lanceolata  was  present  at  11 
percent,  while  Cyclotella  meneghiniana  Kuetz.  var.  meneghiniana  and 
Gomphonema  angustatum  (Kuetz.)  Rabh.  var.  angustatum  were  both  common 
at  7 percent. 

Gomphonema  parvulum  Kuetz.  var.  parvulum  remained  the  dominant  species 
(12  percent),  with  Nitzschia  palea  (Kuetz.)  W,  Sm.  var.  pa lea  (12  percent) 
also  present  at  station  B7.  Four  other  species,  Gomphonema  angustatum 
(Kuetz.)  Rabh.  var.  angustatum  (8  percent),  Nitzschia  fonticola  Grun. 
var.  fonticola  (7  percent),  Navicula  pseudoatomus  Lund.  var.  pseudoa- 


;omus  (6  percent)  and  Achnanthes  lanceolata  Breb.  var.  lanceolata 
(6  percent)  together  comprised  27  percent  of  the  diatom  population  at 
this  station. 

Station  B8  had  a very  different  population  dominance.  Gomphonema  intri- 
catum  var.  pumila  Grun.  was  the  most  dominant  (25  percent)  of  four  species 
which  together  comprised  59  percent  of  the  population  at  this  station. 

Navicula  pseudoatomus  Lund.  var.  pseudoatomus , which  was  common  at  station  B7, 
increased  from  6 percent  to  16  percent.  The  two  other  species  common  at 
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this  station  were  Gomphonema  angustatum  (Kuetz.)  Rabh.  var.  angustatum 
and  G.  parvulum  Kuetz.  var.  parvulum  at  11  percent  and  7 percent, 
respectively. 


Spring  Creek  species  dominance  was  similar  to  Brush  Creek  but  at  different 
percentage  levels.  Station  SI  had  five  species  which  comprised  64  percent 
of  the  diatom  association.  Gomphonema  intricatum  var.  pumila  Grun.  was 
the  most  dominant  (38  percent)  with  G.  angustatum  (Kuetz.)  Rabh.  var. 
angustatum  (8  percent),  G.  olivaceum  (Lyn.)  Kuetz.  var.  olivaceum  (7  percent) 
and  Navicula  heufleri  var.  leptocephala  (Breb.  ex  Grun.)  Patr.  comb,  nov 
(6  percent)  and  Amphora  bullatoides  Hohn  & Hellerm.  var.  bullatoides 
(5  percent)  following. 

At  station  S2,  54  percent  of  the  diatom  population  was  comprised  of  four 
species.  Twenty-eight  percent  of  the  diatom  association  was  Rhoicosphenia 
curvata  (Kuetz.)  Grun.  var.  curvata , compared  to  one  percent  at  station 
SI.  Gomphonema  intricatum  var.  pumila  Grun.  (12  percent),  Surirella 
ovalis  Breb.  var.  ovalis  (8  percent)  and  Navicula  minima  Grun.  var. 
minima  (6  percent)  occurred  next  in  decreasing  order  of  abundance. 

Differences  in  diatom  community  structure  and  similarity  which  occurred 
between  sampling  stations  were  the  result  of  the  occurrence,  loss  and 
recurrence  of  uncommon  and  rare  species,  each  occurring  at  a level  of 
between  five  and  one  percent  or  less  than  one  percent,  respectively. 

To  summarize  Appendix  XII  the  five  most  upstream  stations  of  Brush 
Creek  averaged  47  taxa  while  stations  B6,  B7  and  B8  averaged  59  taxa. 

Stations  SI  and  S2  had  59  taxa  and  54  taxa,  respectively. 


Ash-Free  Dry  Weight  - 

2 2 

A comparison  of  ash-free  dry  weight  (mg/m“  and  mg/m  /day)  showed  marked 

shifts  between  the  sampling  stations  during  May-June  1975.  These  variations 

were  very  different  from  trends  observed  for  species  diversity  and  evenness. 

There  was  a sharp  decrease  in  ash-free  dry  weight  from  station  B1  to  station 

B2  (Table  o7  and  t>4  Figure  33.  Station  B1  showed  the  highest  value  of  ash- 

2 

free  dry  weight  (190.18  mg/m  /day).  A smaller,  but  also  sharp,  decrease 
occurred  between  stations  B2  and  B3. 


Table 6 7 > PERIPHYTON  ASH-FREE  DRY  WEIGHT  (mg/rrt  I. 

IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEK 


*NS  = no  sample  - slide  lost 
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Ash-free  dry  weight  increased  at  station  B4,  however  it  decreased  again 

at  station  B5.  A shift  then  occurred  wherein  there  was  an  increase  of 

ash-free  dry  weight  through  stations  B6  and  B7.  Station  B8  showed  the 

o 

lowest  ash-free  dry  weight  value,  11.86  mg/m“/day,  than  of  any  of  the  Brush 
Creek  stations. 

2 

At  Spring  Creek,  station  SI  showed  a low  value  of  30  mg/m  /day  for  ash-free 
dry  weight  (Table  t> 7 and  fc>8  ; Figure  35).  A sharp  increase  was  observed 
between  station  SI  and  station  S2. 

Chlorophyll  - 

During  May-June  1975,  the  observed  trend  of  chlorophyll  was  similar  to 

the  ash-free  dry  weight  trend.  Station  B1  of  Brush  Creek  showed  the 

2 

highest  value  (1.01  mg/m  /day)  for  chlorophyll  a (Table  69  and  70 

Figure  36  ).  A sharp  decrease  in  chlorophyll  a occurred  between  stations 

Bl,  B2  and  B3.  There  was  a small  increase  at  station  34  while  station  B6 

showed  a decrease  in  chlorophyll.  Samples  collected  for  chlorophyll 

analysis  at  station  B5  were  lost  in  the  field  consequently  no  chlorophyll 

levels  are  reported.  Chlorophyll  a.  increased  between  station  B6  and  B7, 

but  decreased  sharply  at  station  B8.  The  lowest  chlorophyll  value 

2 

was  seen  at  station  B8  (0.02  rag/m  /day). 

Both  Spring  Creek  stations  showed  higher  values  of  chlorophyll  a than  the 

Brush  Creek  stations  (Tablet#  and  X);  Figure  36  ).  Station  SI  had  a value 

2 2 
of  0.47  mg/m  /day  with  an  increase  occurring  at  station  S2  to  2.05  mg/nT/day. 

Autotrophic  Index  - 

The  autotrophic  index  was  calculated  for  all  sampling  stations  on  Brush 
Creek  and  Spring  Creek  to  determine  what  percentage  of  the  periphyton 
community  was  comprised  of  algal  biomass  (Table  71  ).  The  chlorophvl 
ratio  before  acidif ication:af ter  acidification  was  also  calculated  to 
show  the  reliability  of  the  chlorophyll  values  used  in  the  autotrophic 
index  (Table  72). 


Table69.  PERIPHYTON  CHLOROPHYLL  a (mg/it/). 

IOWA  ARMY  AMMUNITION  PLANT,  BRUSH  AND  SPRING  CREEK, 


*NS  = no  sample  - slide  lost 


IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEK. 
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Station  B5  of  Brush  Creek  was  excluded  from  these  determinations  because 
chlorophyll  samples  were  lost. 

Most  sampling  stations  on  Brush  Creek  had  before  acidif ication:af ter  acidification 
ratios  well  above  1.4  indicating  that  the  chlorophyll  values  used  for  the 
autotrophic  index  were  reliable  and  consisted  of  little  phaeophytin 
(Table  72).  The  lowest  ratio  occurred  at  station  B7  (1.43)  which  is  just 
below  the  domestic  sewage  treatment  plant. 

All  Brush  Creek  stations  except  station  B2  had  autotrophic  index  values 
above  100  indicating  that  a large  amount  of  nonalgal,  i.e.  heterotrophic, 
biomass  was  present.  Values  increased  through  stations  B3  and  B4  with  a 
decrease  occurring  at  station  B5.  An  increase  continued  through  stations 
B7  and  B8.  Station  B8  showed  the  highest  autotrophic  index  value  of 
530.14. 

The  before  acidif ication:af ter  acidification  ratios  were  high  at  both  Spring 

Creek  stations.  Station  SI  exhibited  a very  low  numerical  value  (62.83) 

» 

for  the  autotrophic  index.  It  then  increased  at  station  S2  above  the 
100  level  to  137.15. 


Discussion  of  Results 


Species  Occurrence  - 

Species  dominance  on  artificial  substrates  (May-June)  - As  seen  by  the 
data  presented  in  the  previous  chemistry  section  there  were  important 
shifts  in  some  chemical  parameters.  Most  important  of  these  changes  in 
concentration  as  they  relate  to  the  biological  communities  were  nutrients, 
TNT,  and  chlorides  (and  other  salts)  in  the  aqueous  phase.  These  shifts 
do  not  appear  to  severely  alter  the  stream  periphyton  communitity  within 
the  area  studied. 

During  the  May-June  survey,  diatom  species  diversity  from  artificial 
substrates  showed  an  irregular  pattern  between  stations.  The  greatest 
shift  took  place  in  the  area  between  stations  B3  and  B6  and  is  coupled 
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with  corresponding  shifts  in  nutrient  levels  and  aqueous  TNT.  This  is 
shown  first  at  stations  B4  and  B5  where  there  is  a large  increase  in 
the  mean  concentration  from  the  previous  station  (<0.2  Mg/1  at  station 
B3  to  2.5  Mg/1  at  B4  and  3.4  Mg/1  at  B5) . There  was  a corresponding 
decrease  in  the  species  diversity  at  both  stations  to  values  of  2.3 
and  1.8  respectively.  At  station  B6  the  TNT  dropped  to  a negligible 
level,  nutrient  levels  also  declined,  and  there  was  a corresponding 
increase  in  species  diversity. 

Station  B7  of  Brush  Creek  showed  a different  response  toward  nutrient 
levels  and  aqueous  phase  TNT  levels.  Species  diversity  was  the  highest 
at  this  station.  Mean  levels  of  nutrients,  e.g.,  nitrate-N,  Kjeldahl-N, 
phosphorus  and  ammonia-N,  were  at  nearly  maximum  levels,  and  the  aqueous 
TNT  concentration  was  the  highest  found  at  any  station  (4.0  Mg/1).  This 
station  is  just  below  the  domestic  sewage  treatment  plant  which  would 
account  for  the  high  nutrient  levels,  and  possibly  the  high  concentration 
of  TNT(if  laundry  wastewater  or  some  other  unknown  waste  source  containing 
TNT  is  processed  at  this  treatment  facility) . The  cause  of  this  trend 
is  uncertain,  however  there  is  a distinct  possibility  that  the  wastes 
discharged  just  above  station  B7  closely  followed  the  stream  bank  and 
did  not  mix  well  with  the  stream.  Physical  characteristics  of  the 
stream  resulted  in  the  periphyton  samplers  maintaining  a position  in  the 
center  of  the  stream  or  slightly  opposite  the  flume  of  the  wastewaters. 
Therefore  samplers  may  not  have  received  the  full  impact  of  the  waste- 
water.  Collections  for  natural  substrates  were  taken  from  several  points 
on  both  sides  of  the  stream  and  these  data,  discussed  later,  are  more 
indicative  of  the  diatom  community  at  station  B7  and  may  therefore  show 
more  realistic  affects. 


Species  diversity  decreased  slightly  at  station  B8.  This  does  not  correspond 
to  the  decrease  in  nutrient  levels  and  aqueous  TNT,  but  is  probably  due 
to  the  mats  of  Cladophora  that  completely  covered  the  periphyton  samplers 
inhibiting  diatom  growth.  (Cladophora  growth  was  not,  however,  attached 
to  the  slides,  but  rather  was  entangled  on  the  floats  of  the  sampler, 
allowing  little  light  penetration). 
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In  the  Spring  Creek  system,  the  low  species  diversity  at  station  SI 
probably  resulted  from  siltation  caused  by  construction  farther 
upstream.  However  the  chloride  concentration  was  higher  (45.5  mg/1) 
at  this  station  than  at  station  S2  (35.3  mg/1).  Low  levels  of 
munitions  compounds  and  nutrients  were  found  in  the  waters  of  both 
stations  (see  Table  3 Chemistry  Section). 

Application  of  the  truncated  normal  curve  to  the  species  data  from  each 
station  showed  the  height  of  the  mode  to  be  very  low  at  stations  B1 
and  B8  of  Brush  Creek  and  stations  SI  and  S2  of  Spring  Creek.  The 
remaining  stations  had  much  higher  mode  heights.  These  curves  suggest 
normal  or  stable  diatom  communities  in  the  areas  of  industrial  waste 
discharge.  Wastes  discharged  into  Brush  Creek  did  not  significantly 
alter  the  diatom  species  complex  and  community  stablity  at  any  station. 

These  trends,  seen  from  the  artificial  substrates,  indicated  that 
station  B1  and  B8  (reference  and  recovery  zones,  respectively)  of  Brush 
Creek  had  effects  caused  by  the  natural  characteristics  of  the  stream 
and  not  industrial  waste  effluents.  The  remaining  stations  did  not  show 
any  real  adverse  effects  from  the  industrial  effluents.  Spring  Creek 
was  characterized  by  a stable  periphyton  community  with  siltation 
disrupting  it  slightly. 

Species  dominance  shifted  between  the  eight  stations  of  Brush  Creek,  however 
one  diatom  species,  Achnanthes  lanceolata  (Breb.)  Grun.  var.  lanceolata, 
was  always  common.  This  species  often  occurs  in  alkaline  waters  (alkaliphil) , 
having  optimum  growth  at  pH  7.2  - 7.5  but  can  exist  in  pH  levels  of  up  to 
9 . This  species  also  is  indifferent  to  chlorides  (<500  mg/1)^  . The 

common  occurrence  of  this  species  in  Brush  Creek  correlates  with  its 
recorded  tolerance  regimes  and  the  water  chemistry  in  which  it  is  found; 
i.e.,  pH  8.25  - 9.30  and  chloride  concentration  of  58.6  - 162  mg/1  (see 
Table  2 Chemistry  Section). 


Within  the  Brush  Creek  system,  five  diatom  species,  including  Achnanthes 
lanceolata  (Breb.)  Grun.  var.  lanceolata , were  common,  although  their 
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relative  abundance  varied  between  stations.  These  species  were  Gomphonema 
bohemicum  Reichelt  et.  Fricke  var.  bohemicum,  G.  parvulum  Kuetz.  var. 
parvulum,  Nitzschia  palea  (Kuetz.)  W.  Sm.  var.  palea , and  Cocconeis  pediculus 

Ehr . var.  pediculus . These  species  were  all  dominant,  i.e,,  common  or 
abundant,  at  one  or  more  of  the  stations  (refer  to  Biology  Results),  and 
have  recorded  tolerance  regimes^ery  similar  to  Achnanthes  lanceolata 
(Breb.)  Grun.  var.  lanceolata.  Cocconeis  pediculus  Ehr.  var.  pediculus 
is  also  able  to  tolerate  higher  salt  levels  (Cl  ) 


Pinkham  and  Pearson  coefficient  of  association  was  used  to  group  the 
Brush  Creek  stations  on  the  basis  of  species  occurrence.  Stations  B2, 
B5,  and  B6  had  the  same  dominant  and  co-dominant  species  and  were  most 
similar.  Species  occurrence  and  dominance  were  similar  between  stations 
B3,  B4,  and  B7,  causing  them  to  be  grouped  together. 


Two  of  the  proximal  station  pairs,  B3-B4  and  B5-B6,  were  similar  above 
the  50  percent  level  (55  percent  and  62  percent,  respectively)  (Tableui). 
These  station  pairs  were  not  affected  by  different  industrial  waste 
effluents.  The  remaining  station  pairs,  B2-B3,  B4-B5,  and  B6-B7  had 
one  of  the  stations  directly  affected  by  an  effluent(s).  Station  B2 
received  effluent  wastes  from  II,  12,  13,  and  14  and  was  similar  at 
the  24  percent  level  to  station  B3,  which  received  no  effluent  waste 
except  dilutions  from  the  previous  industrial  effluents  mentioned. 
Stations  B4  and  B5  each  had  different  waste  effluents  affecting  the 
periphyton  community.  These  effluents  were  the  TNT  runoff  and  15  at 
B4  and  17  at  B5.  These  stations  were  similar  at  only  18  percent. 

Station  B7  was  directly  below  the  domestic  sewage  treatment,  and  was 
similar  to  station  B6  at  only  39  percent. 


From  these  observations  it  can  be  concluded  that  the  industrial  effluents 
under  study  directly  affected  the  periphyton  populations  on  artificial 
substrates  at  stations  immediately  downstream,  however  recovery  was 
occurring  at  the  stations  that  were  not  in  direct  contact  with  the  effluent 
discharge.  The  overall  observation  of  Brush  Creek  indicates  that  recovery 
is  occurring  rapidly  and  affects  on  the  periphyton  community  are  apparently 
only  short  term. 


Dominant  species  at  station  SI  and  station  S2  were  Cocconeis  placentula 
var.  euglypta  (Ehr.)  Cl.  and  Rhoicosphenia  curvata  (Kuetz.)  Grun.  ex 
curvata,  respectively.  Both  species  are  alkaliphils,  found  most 
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frequently  in  water  with  pH  levels  of  7-9  and  are  indifferent  to  chlorides 
These  two  stations  had  lower  pH  levels  (8.4  - 8.5)  and  chloride  levels 
(35.3  - 45.5  mg/1)  than  the  Brush  Creek  stations.  Species  dominance  at 
stations  SI  and  S2  were  similar  to  stations  B1  and  B8  of  Brush  Creek. 

Thus,  the  occurrence  of  these  species  caused  these  four  stations  to  be 
grouped  according  to  the  Pinkham  and  Pearson  coefficient  of  association. 

In  Brush  Creek,  non-diatom  algae  species  occurrence  shifted  between  two 
dominants.  Protoderma  viride  Kuetz.  and  Chroococcus  dispersus  (Keissl.) 

Lamm.  The  non-diatom  algae  comprised  most  of  ten  over  50  percent  of  the 
population  in  Brush  Creek.  The  trend  of  species  richness  was  not  similar 
to  diatom  species  diversity.  Values  of  species  richness  were  low  through 
station  B5  with  a sharp  increase  occurring  at  station  B7.  This  increase 
corresponds  to  the  higher  nutrient  levels  at  this  station  due  to  the 
domestic  sewage  treatment  plant.  Station  B8  had  a very  low  species 
richness,  due  to  the  large  mats  of  Cladophora  that  covered  the  periphyton 
samplers  during  the  incubation  period. 
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Species  richness  values  for  stations  SI  and  S2  of  Spring  Creek  were 
very  high.  An  increase  occurred  between  the  two  stations  which  fol- 
lowed the  trend  for  diatom  species  diversity.  Siltation  from  up- 
stream construction  and  a higher  chloride  level  probably  caused  the 
lower  species  richness  at  station  SI. 

Species  Occurrence  on  Natural  Substrates  (May  - June)  - The  biota 
collected  from  natural  substrates  were  affected  by  more  than  the 
aqueous  phase  chemistry.  Since  they  were  in  contact  with  the  bottom 
of  the  stream,  chemistry  from  the  sediments  was  important.  The  most 
important  parameters  in  the  sediment  phase  are  total  solids,  total 
volatile  solids,  COD,  TNT,  nutrients,  and  metals. 

It  was  shown  that  combined  diatom  species  diversity  from  natural 
substrates  was  very  different  from  the  trend  seen  on  artifical 
substrates.  Diversity  on  natural  substrates  was  high  at  station  B1 
(reference  station)  where  nutrients  and  aqueous  TNT  levels  were  low. 
Diatom  diversity  continued  to  decline  through  station  B5.  This  reach 
of  the  stream  receives  the  major  industrial  effluents  and  TNT 
levels  increase  (refer  to  Chemistry;  Table25  and  55).  Species  diversity 
sharply  increased  at  station  B7  (the  highest  diversity  of  any  one 
station)  where  nutrient  levels  and  aqueous  TNT  were  very  high.  The 
cause  of  this  phenomenon,  which  also  occurred  on  the  artificial  sub- 
strates, is  uncertain  but  is  due  probably  to  the  same  factor  ( i.e. 
localized  or  minimal  mixing  of  industrial  wastes)  discussed  with 
reference  to  the  artificial  substrates.  The  decrease  in  diversity 
occurring  at  station  B8  was  due  to  Cladophora  mats.  The  occurrence 
of  Cladophora  in  this  area  of  Brush  Creek  is  the  result  of  several 
physico-chemical  factors.  Most  important  is  that  occurrence  is 
limited  to  spring  and  early  summer  periods.  This  is  in  response  to 
water  temperature  and  solar  incidence  and  is  typical  in  the  life  cycle 
of  this  taxon.  Also  stream  conditions  are  more  favorable  in  this 
area  for  the  attachment  of  Cladophora  and  nutrient  levels  are  pro- 
bably sufficient  to  support  large  masses. 


The  Spring  Creek  stations  showed  the  same  increase  in  diversity  on 
natural  substrates  from  station  SI  to  station  S2  as  was  seen  on  the 
artificial  substrates.  Station  SI,  which  is  not  affected  by  indust- 
rial effluents  received  light  siltation  from  construction  work  up- 
stream, which  is  probably  the  cause  of  the  low  diversity  at  this 
station. 


Diatom  species  diversity  for  samples  collected  from  the  sediments  only 
did  not  indicate  any  affect  due  to  the  TNT  found  in  the  sediments. 

The  diversity  values  for  all  samples  were  well  over  2.2  indicating 
that  each  microhabitat  was  very  diverse.  Samples  were  scanned  while 
alive  to  find  a ratio  of  live  to  dead  cells;  over  75%  were  found  to 
be  living,  therefore  the  diversity  values  are  reliable  for  each  stat- 
ion. 

Species  occurrence  and  dominance  on  natural  substrates  shifted 
greatly  between  the  stations  of  Brush  Creek.  There  was  no  one 
common  species  that  occurred  at  every  station.  Surirella  ovalis  Breb. 

var.  ovalis  was  dominant  at  stations  B1  and  B2.  This  species  has  its 
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optimum  growth  in  waters  with  high  chlorides  and  pH  of  over  8.5 

This  corresponds  with  the  chemistry  found  at  these  two  stations  (refer 

to  Table  2 chemistry  section). 
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The  remaining  stations  each  had  a different  dominant  species.  Several 
common  species  were  Nitzschia  fonticola  Grun.  var.  fonticola, 
Rhoicosphenia  curvata  (Kuetz.)  Grun.  ex  Rabh.  var.  curvata, 
Gomphonema  parvulum  Kuetz.  var.  parvulum,  and  G.  intricatum  var. 
pumila  Grun.  which  all  are  indifferent  to  chlorides  and  grow  well 
in  pH  levels  up  to  9.0. 

Results  of  the  application  of  the  Pinkham  and  Pearson  coefficient 
of  similarity  indicated  that  stations  were  not  similar  by  dominant 
or  co-dominant  species  in  particular.  All  of  the  proximal  stations 
on  Brush  Creek  were  similar  above  50  percent,  e.g.,  B4-B5,  B1-B2, 
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B2-B3,  which  is  a good  indication  that  extreme  changes  to  the  periphyton 
community  on  the  natural  substrate  of  the  stream  are  not  occurring 
as  a result  of  industrial  waste  effluents.  However,  since  the  species 
association  occurring  on  natural  substrates  is  more  complex  (i.e. 
diverse),  and  the  dominant  species  occur  at  a lower  percentage,  the 
effects  of  the  industrial  wastes  are  not  as  evident  as  reflected  by 
comparisons  of  artificial  substrate  data.  The  species  association 
occurring  on  artificial  substrates  is  less  complex  and  the  dominant 
species  occurred  at  a higher  frequency  therefore  physico-chemical 
factors  causing  minor  changes  in  the  species  association  had  a greater 
impact  on  diversity  and  similarity  comparisons.  Thus,  affects  seen 
on  artificial  substrates  may  be  somewhat  more  obvious.  However,  it 
was  shown  that  these  affects  were  short  term  and  recovering  occurred 
within  the  study  area. 

Dominant  species  occurring  at  the  Spring  Crer.v  stations  were  similar; 
likewise  these  two  stations  were  paired  by  the  Pinkham  and  Pearson 
coefficient  of  similarity.  The  dominant  species  were  Gomphonema 
intricatum  var.  pumila  Grun.  and  Rhoicosphenia  curvata  (Kuetz) 

Grun.  ex  Rabh.  var.  curvata.  These  species  were  also  seen  in  Brush 
Creek  and  their  autecology  was  discussed  previously.  Though  these 
species  can  tolerate  high  chloride  and  pH  levels,  the  nutrients, 
chlorides  and  aqueous  TNT  were  all  found  at  low  levels  at  these 
stations. 

The  pheriphyton  community  of  natural  substrates  appeared  to  relate 
more  with  the  sediment  phase  chemistry  than  the  aqueous  phase. 

Though  the  sediments  showed  higher  levels  of  TNT  at  stations  B2, 

B4  and  B7,  diatom  composition  of  the  stations  was  not  altered 
greatly.  The  Brush  and  Spring  Creek  systems  represent  very  stable 
and  healthly  periphyton  populations  occurring  upon  the  natural 
substrate  surroundings. 


Ash-Free  Dry  Weight  - 

The  trend  of  ash-free  dry  weight  in  Brush  Creek  varied  between 


stations  (refer  to  Biology  Results) . The  trend  appeared  to  correspond 
to  the  levels  of  COD,  TS,  and  TVS  found  in  the  sediments.  Increases 
and  decreases  in  ash-free  dry  weight  that  occurred  between  stations 
were  significant  when  the  analysis  of  variance  was  applied  (Table  73  ) . 
The  change  in  ash-free  dry  weight  between  stations  SI  and  S2  of 
Spring  Creek  is  also  significant  (Table  73  ) . 

Chlorophyll  - 

Periphyton  trends  derived  from  chlorophyll  a showed  patterns  similar 
to  ash-free  dry  weight.  Changes  which  occurred  between  the  stations 
were  of  a lesser  magnitude  than  ash-free  dry  weight,  however,  these 
changes  were  shown  to  be  significant  by  the  analysis  of  variance 
(Table  74). 

Autotrophic  Index  - 

The  autotrophic  index  was  another  comparison  of  periphyton  associations 
applied  to  the  two  stream  systems  under  study.  This  index  was 
calculated  from  data  obtained  from  the  artificial  substrates.  Using 
the  value  of  100  described  by  Weber^  as  the  level  of  significance 
between  autotrophic  and  heterotrophic,  both  streams  showed  indications 
of  most  areas  being  heterotrophic. 

Ash-free  dry  weight  showed  greater  increases  and  decreases  than 
chlorophyll,  indicating  either  that  the  population  is  composed  of 
some  heterotrophic  organisms  (i.e.,  fungi,  bacteria,  and  protozoa), 
or  that  organic  detrital  material  is  present.  This  fact  also  ex- 
plains the  high  autotrophic  index  values  seen  at  the  stations. 

Total  volitale  solids,  total  solids  and  chemical  oxygen  demand  in 
the  sediments  varied  between  stations  but  was  generally  at  high 
levels.  This  accounts  for  inorganic  or  organic  detrital  materials 
being  present  in  both  stream  systems.  The  presence  of  this  material 
increases  the  potential  occurrence  of  non-viable  organic  matter  in 
the  periphyton  mass.  There  is  thus  the  possibility  that  the  ash- 
free dry  weight  may  not  totally  reflect  living  periphyton. 
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TABLE  73.  ANALYSIS  OF  VARIANCE  FOR  ASH-FREE  DRY 
WEIGHT.  IOWA  ARMY  AMMUNITION  PLANT 
BRUSH  AND  SPRING  CREEKS 
BURLINGTON,  IOWA 
MAY- JUNE,  1975 


BRUSH  CREEK  (excluding  station  Bl) 


Source 

df 

SS 

MS 

Total 

32 

32643.4282 

Treat  (between) 

6 

13121.8187 

2186.9698 

Error  (within) 

26 

19521.6095 

750.8311 

F (0.95)  = 2.47  * significant  difference 


BRUSH  CREEK  (including  station  Bl) 


Source 

df 

SS 

MS 

F 

Total 

37 

134672.2124 

Treat  (between) 

7 

114113.4993 

16301.9285 

23.79* 

Error  (within) 

30 

20558.7132 

685.2904 

F (0.95)  = 2.33  * significant  difference 


SPRING  CREEK 

Source 

df 

SS^  MS 

F 

Total 

7 

133952.87 

Treat  (between) 

1 

123380.28  123380.28 

70.02* 

Error  (within) 

6 

10572.59  1762.10 

F (0.95)  = 5.99  * significant 

difference 

Note:  based  on  mg/ni  /day 
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TABLE  74.  ANALYSIS  OF  VARIANCE  FOR  CHLOROPHYLL  a 
IOWA  ARMY  AMMUNITION  PLANT 
BRUSH  AND  SPRING  CREEKS 
BURLINGTON,  IOWA 
MAY- JUNE, 1975 
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BRUSH  CREEK  (Excluding  station  Bl) 


Source 

df 

SS 

MS 

F 

Total 

28 

1.4701 

Treat  (between) 

5 

0.7837 

0.1567 

5.25* 

Error  (within) 

23 

0.6864 

0.0298 

F (0.95)  = 2.64* 

BRUSH  CREEK  (including  station 

Bl) 

Source 

df 

MS 

F 

Total 

33 

5.7661 

Treat  (between) 

6 

2.8166 

0.4694 

4.30* 

Error  (within) 

27 

2.9495 

0.1092 

F (0.95)  = 2.46* 

SPRING  CREEK 

Source 

df 

SS 

MS 

_F 

Total 

8 

5.96 

Treat  (between) 

1 

5.58 

5.58 

102. 

Error  (within) 

7 

0.38 

0.05 

F (0.95)  = 5.59* 


Note:  based  on  mg/m  /day 
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Excessively  high  or  disproportionate  levels  of  ash-free  dry  weight 
created  by  non-viable  organic  material  would  lead  one  to  describe 
the  periphyton  as  heterotrophic  when  in  reality  it  is  not.  Station 
B2  of  Brush  Creek  and  station  SI  of  Spring  Creek  had  low  autotrophic 
index  values  (96.66  and  62.83,  respectively)  resulting  from  chloro- 
phyll a levels  being  proportionally  the  same  as  the  ash-free  dry 
weight  values. 

As  seen  by  the  biological  data  presented,  there  was  a change  in  the 
periphyton  community  on  artificial  substrates  in  Brush  Creek.  These 
changes,  however,  did  not  affect  the  stream  on  a long  term  basis. 
Periphyton  community  analysis  of  the  natural  substrates  showed  the 
stations  to  be  very  similar  with  no  change  occurring.  The  stream 
system  as  a whole,  however,  does  not  show  any  extreme  detrimental 
effects  on  the  periphyton  community  resulting  from  the  industrial 
waste  effluents  under  consideration. 


Measurement  of  Adenosine  Triphosphate  (ATP) 

In  an  effort  to  determine  the  viability  of  periphyton  fractions  the 
measurement  of  ATP  was  undertaken.  These  measurements  were  taken  from 
periphyton  growing  on  artificial  substrates  during  May-June  (Table  75A) . 
Previous  results  have  shown  very  similar  trends  between  ash-free 
dry  weight  and  chlorophyll  a.  These  trends  were  parallel.  In  a like 
manner  periphyton  ATP  levels  varied,  decreasing  and  increasing  parallel 
to  ash-free  dry  weight  and  chlorophyll  a. 

The  first  comparison  of  these  data  was  to  relate  ATP  with  measured  dry 

(36) 

weight.  Weber  indicated  that  an  average  of  2. A pg  ATP  was  contained 

milligram  dry  weight  cell  mass.  Algae  cultures  produced  a range  of 


1 


0.03  to  3.4  g ATP/milligram  dryweight'  having  a mean  of  1.16. 

Laboratory  experiments  of  this  project  using  Chlorella  as  a test  species 
and  boiling  Tris  buffer  extraction,  yielded  0.3  yg  ATP/milligram  dry 
weight  with  a calculated  recovery  of  98%.  Literature  sources  indicate 

/ O £ \ 

Chlorella  vulgaris  to  yield  2.0yg  ATP/mg  dry  weight''  . From  this 
information  it  was  concluded  that  the  extraction  procedure  utilized  provided 
only  about  12.5  to  15  percent  extraction  efficiency.  With  this  in  mind 
a factor  of  "eight"  was  applied  to  the  measured  ATP  data  to  compensate 
for  the  extraction  inefficiency.  These  corrections  have  been  applied  to 
the  tabular  data  (Table  75  and  76) , and  were  used  to  complete  this 
Results  and  Discussion  section. 

Rather  than  relating  ATP  to  dry  weight  as  reported  from  pure  culture 
studies  in  the  lir.eraure,  ATP  measured  from  natural  periphyton  in 
this  study  was  related  to  ash-free  dry  weight  since  natural  periphyton 
would  contain  extraneous,  non-living  material.  It  was  felt  that  the 
use  of  ash-free  dry  weight  would  more  closely  reflect  living  periphytic 
masses.  The  data  indicate  much  lower  values  of  ATP/ash  free  dry 
weight  from  natural  populations  as  compared  to  culture  extractions. 

Measured  ATP  values,  with  the  correction  factor,  ranged  from  16  to 
264  yg/m“  (Table  75). 

(43) 

Using  the  figure  of  250  by  Holm-Hansen  to  convert  measured  ATP 

to  organic  biomass  the  yield  of  organic  biomass  was  much  lower  than 

2 

the  measured  ash-free  dry  weight  (mg/m~) . For  example,  at  station  B2 

2 

the  corrected  ATP  value  was  168  yg/m  , multiplied  by  250,  yielded 
2 

42  mg/m  organic  biomass.  This  relates  to  a measured  ash-free  dry 
2 

weight  of  2000  mg/m  . (Table  75).  This  indicates:  (a)  there  was  a 

problem  in  the  extraction  and  measurement  of  ATP,  i.e.  low  efficiency, 
or  (b)  the  measured  ash-free  dry  weight  was  larely  composed  of  non- 
viable  organic  material. 


Another  factor  published  by  Holm-Hansen'  ~ was  that  0.35  percent  of 
organic  biomass  is  ATP.  Using  station  B2  as  an  example  (Table  75), 


218 


TABLE  75.  CONVERSION  OF  PERIPHYTON  ATP  TO  ORGANIC  BIOMASS  AND 
PERIPHYTON  ORGANIC  BIOMASS  TO  ATP  USING  FACTORS 
PUBLISHED  BY  SEVERAL  AUTHORS.  IOWA  ARMY  AMMUNITION 
PLANT,  BRUSH  AND  SPRING  CREEKS,  BURLINGTON,  IOWA. 
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TABLE  75A.  IAAP  PERIPHYTON  ATP  VALUES  WITHOUT 
APPLIED  CORRECTION  FACTORS 


Station 

Mean  + Standard, 

Percent  Recovery 

Deviation  (yg/m  ) 

of  Standard 

B1 

•k 

B2 

21.0  (1) 

B3 

9.8  + 1.4  (5) 

112.5 

BA 

13.2  + 0.75  (3) 

99 

B5 

30.0  + 8.5  (2) 

95 

B6 

6.2  (1) 

B7 

33.0  (1) 

B8 

2.02  (1) 

SI 

11.4  + 2.6  (3) 

98 

S2 

26.0  + 3.5  (2) 

Parentheses  indicate  number  of  replicates 


TABLE 

76.  PERIPHYTON 

ORGANIC  BIOMASS, 

CHLOROPHYLL , 

AND  ATP  SUMMARY. 

IOWA  ARMY  , 

AMMUNITION  PLANT, 

BRUSH  AND  SPRING  CREEKS. 

BURLINGTON 

, IOWA.  MAY- JUNE 

1975 

Org.  Wt. 

Non-Algal 

Algal 

Chi.  a 

ATP 

Station 

(mg/m2) 

Biomass 

Biomass 

(mg/m2) 

(mg/m 

(mg/m2) 

(mg/m2) 

B1 

7797 

5100.2 

2696.8 

41.49 

- 

B2 

2000 

655.2 

1344.8 

20.69 

0.168 

B3 

1180 

747.7 

432.3 

6.65 

0.078 

B4 

2278 

1514.9 

763.1 

11.74 

0.106 

B5 

607 

- 

- 

- 

0.240 

B6 

1007 

475.9 

531.1 

8.17 

0.050 

B7 

2501 

1634.5 

866.5 

13.33 

0.264 

B8 

451 

395.7 

55.3 

0.85 

0.016 

SI 

1209 

(-41.6) 

1250.6 

19.24 

0.091 

S2 

11564 

6083.2 

5480.8 

84.32 

0.208 

220 


r 


0.35  percent  of  the  measured  ash-free  dry  weight  (0.0035  x 2000  mg/m-), 

yields  expected  ATP  levels  of  7.0  mg/m^.  Holm-Hansen  indicates 

this  may  vary  by  50  percent,  therefore,  if  all  the  material  recorded 

as  ash-free  dry  weight  was  living,  viable  organic  biomass,  the 

2 

measured  levels  of  ATP  should  be  3.5  to  7.0  mg/m  . At  station  B2 

2 2 

the  corrected,  measured  ATP  was  168  yg/m-  or  0.168  mg/m  . This  was 
about  4.8  to  2.4  percent  of  the  ideal  values. 


A manipulation  of  data  reveals  that  when  using  the  organic  biomass 
calculated  by  converting  measured  ATP  times  the  250  factor  the  mean 
yield  of  organic  biomass  was  about  2.4  percent  of  the  measured  ash- 
free dry  weight.  For  example,  station  B2  (Table  75): 

a)  corrected,  measured  ATP  = 168  yg/m^ 

b)  168  yg/m^  x 250  factor  = 42,000  yg/m“ 

2 

c)  measured  ash-free  dry  weight  = 2000  mg/m“ 

d)  converted  biomass  is  2.1  percent  of  measured  "biomass" 

These  trends  consistently  indicate  that  either  ATP  extraction  and 
measurement  was  not  good,  or  that  less  than  95  percent  of  periphytic 
microcommunities  are  viable. 


Figure  37  indicates  the  parallel  nature  of  the  trends  of  chlorophyll 
2 2 

a (mg/m“) , ash-free  dry  weight  (mg/m-),  chlorophyll  converted  to  bio- 
2 2 

mass  (mg/m  ),  and  ATP  (mg/m  ).  As  shown  previously  the  trends  of 
ash-free  dry  weight  and  chlorophyll  were  nearly  identical  with 
the  resultant  values  of  the  autotrophic  index  indicating  hetero- 
trophic  micro communities . 


Collins  has  indicated  from  a search  of  the  literature  that  a factor 

of  65  applied  to  chlorophyll  a values  corrected  for  phaeophytin  will 

give  a good  indication  of  algal  biomass.  This  conversion  was  made 

2 

using  chlorophyll  a (mg/m  ) although  it  had  not  been  corrected  for 
phaeophytin.  Table  T 2 indicates  that  there  was  little  phaeophytin 

in  the  samples  since  most  before  acidification:  after  acidification  ratios  were  high 
or  near  the  ideal,  1.7  value.  Although  the  chlorophyll  values  may 
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FIGURE  37  . Summary  Comparison  of  Periphyton  Ash-Frea  Ory 
Weight.  Algal  Biomass.  Chlorophyll  a , and  ATP. 
Iowa  Army  Ammunition  Plant.  Brush  and  Spring 


r 


i 


have  a very  small  error,  it  was  found  that  about  40  percent  of  the 
periphyton  mass  was  composed  of  algae,  range  12  to  67  percent 
(Table  76  and  77).  The  remaining  60  percent  ash-free  dry  weight 
is  therefore  composed  of  heterotrophic  species,  i.e.,  bacteria, 
fungi,  yeasts,  protozoans,  and  spores,  or  non-living  organic 
material,  i.e.,  detritus.  This  is  reflected  by  the  autotrophic 
index.  (Tables  71  and  78). 

-3  2 

The  plot  of  ATP  (10  mg/m  ) produces  a trend  very  similar  to 
chlorophyll  and  ash-free  dry  weight  (Figure  37).  Unfortunately 
chlorophyll  samples  were  missing  from  stations  B1  and  B5  therefore 
the  trends  are  not  complete. 

Relationship  of  ATP  to  Ash-Free  Dry  Weight  and  Chlorophyll  - 
The  utility  of  ATP  as  a measurement  of  periphyton  activity  is  limited 
by  the  extraction  and  recovery  procedures.  The  application  of  this 
measurement  to  periphyton  collected  from  artificial  substrates  in 
Brush  and  Spring  Creeks  relate  to  other  measurements  in  trend  only. 
The  similar  trends  of  chlorophyll  a,  ash-free  dry  weight,  algal  bio- 
mass, and  ATP  indicated  that  no  large  fraction  of  the  periphyton  was 
non-viable.  A disproportionate  increase  in  ash-free  dry  weight 
with  little  or  no  corresponding  increase  in  ATP  would  suggest  a non- 
viable  organic  fraction  was  present  in  the  periphyton. 

An  attempt  to  relate  measured  values  of  ATP  and  organic  biomass  to 
correlations  found  in  the  literature  was  inconclusive.  If  measured 
levels  of  ATP  are  correct  then  it  is  estimated  that  less  than  95 
percent  of  the  periphyton  raicrocommunity  is  living,  viable  biomass. 

On  the  otherhand,  if  the  measured  ash-free  dry  weight  represents  a 
completely  (100  percent)  living,  viable  biomass  then  the  measured, 
and  once  corrected,  ATP  measurements  are  still  in  error  by  about  95 
percent . 

The  use  of  AT?  in  ratios  with  chlorophyll  and  ash-free  dry  weight 


I 
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TABLE  77.  ESTIMATE  OF  PERIPHYTON  ALGAL  BIOMASS  AND 

PERCENT  ALGAL  BIOMASS.  IOWA  ARMY  AMMUNITION 
PLANT.  BRUSH  AND  SPRING  CREEKS,  BURLINGTON, 
IOWA.  MAY- JUNE  1975 


Station 

Org.  Wt. 

*Chl.a 

Algal  Biomass’ 

Percent 

B1 

7797 

41.49 

2696.8 

34.6 

B2 

2000 

20.69 

1344.8 

67.2 

B3 

1180 

6.65 

432.3 

36.6 

B4 

2278 

11.74 

763.1 

33.5 

B5 

607 

- 

- 

- 

B6 

1007 

8.17 

531.1 

52.7 

B7 

2501 

13.33 

866.5 

34.6 

B8 

451 

0.85 

55.3 

12.3 

SI 

1209 

19.24 

1250.6 

**(103.4) 

S2 

11564 

84.32 

5480.8 

47.4 

X = 39.9 

i 

j 

'll 

*chlorophyll  not  corrected  for  phaeophytin  (see  discussion) 

j 

**value  excluded  in  calculations  of  mean  percent 

’percent  algal  biomass  derived  by  factor  of  65  to  convert 
phaeophytin  corrected  chlorophyll  a values  to  organic 
biomass  (algal  biomass).  (28) 


TABLE  78.  RATIOS  OF  ORGANIC  WEIGHT:  ATP  AND 
CHLOROPHYLL  a : ATP.  IOWA  ARMY 
AMMUNITION  PLANT.  BRUSH  AND  SPRING 
CREEKS,  BURLINGTON,  IOWA. 

MAY-JUNE  1975 


1 i 
l ; 

' 

Station 

Org.  Wt. 

AI 

Chi  a 

ATP 

*0rg.Wt. / 
ATP 

Chi 

ATP 

B1 

7797 

188 

41.49 

- 

— 

- 

B2 

2000 

97 

20.69 

0.168 

109 

123 

B3 

1180 

177 

6.65 

0.078 

123 

85 

B4 

2278 

194 

11.74 

0.106 

146 

110 

B5 

607 

- 

- 

0.240 

50 

- 

B6 

1007 

123 

8.17 

0.050 

142 

163 

f 

B7 

2501 

187 

13.33 

0.264 

97 

50 

B8 

451 

530 

0.35 

0.016 

167 

53 

SI 

1209 

63 

19.24 

0.091 

115 

211 

S2 

11564 

137 

84.32 

0.208 

236 

405 

[ 

| 

*The  values  of 
lower  numbers 

this  ratio 
for  ease  of 

are  expressed 
comparison. 

as  its 

square  root  to 

achieve 

li 


was  inconclusive.  Variations  in  these  ratios  in  their  simple  form 
could  not  be  related  definitively  to  activity,  i.e.,  stimulation 
or  inhibition,  of  the  periphyton  microcommunity.  The  discussion 
which  follows  is  somewhat  inconclusive,  may  be  confusing  to  the  reader, 
and  is  included  more  for  a matter  of  record  from  which  future  research 
can  be  initiated. 

Organic  Weight/ATP  Ratio  - 

The  ratio  of  organic  weight/ATP  should  increase  as  there  is  an  increase 
in  ash-free  dry  weight  (organic  weight) , especially  non-viable  organic 
mass,  and  will  decrease  as  organic  biomass  decreases  or  reaches  total 
viability  and  ATP  increases.  This  did  occur  to  a certain  extent  in 
the  Brush  Creek  system  (Table  73  ). 

1)  As  ash-free  dry  weight  (organic  weight)  decreased  between 
station  B2  and  B3,  coupled  with  a slight  decrease  in  ATP, 
this  ratio  increased  indicating  a lower  activity  of  the 
organic  "biomass". 

2)  Between  stations  B3  and  B4  there  was  an  increase  in  ash- 
free dry  weight,  a slight  increase  in  ATP,  and  an  increase 
in  the  value  of  this  ratio.  This  again  indicates  a lower 
activity  of  the  periphyton  mass,  or  the  disproportionate 
addition  of  non-viable  materials  to  the  mass. 

3)  Between  stations  B4  and  35  there  was  a great  decrease 

in  the  value  of  the  organic  weight  ATP  ratio  accompanied 
with  an  increase  in  ATP  and  a decrease  in  ash-free  dry 
weight.  This  suggests  a very  viable  periphyton  community 
composed  of  little  non-viable  organic  mass. 

4)  Ash-free  dry  weight  increased  between  stations  B5  and  B6, 

ATP  decreased,  and  the  ratio  increased  markedly.  This  would 
indicate  a moribund  state  of  the  periphyton,  an  increase 

in  non-living  organic  material,  or  the  death  of  the 
periphyton  community. 


;! 

i 
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5)  Increases  in  ash-free  dry  weight  and  ATP  between  stations 
B6  and  B7  produced  a decrease  in  the  ratio.  Again  this 
suggests  a more  healthy  periphyton  microcoimnunity  with 
little  non-viable  organic  "biomass". 

6)  Sharp  decreases  were  observed  in  ash-free  dry  weight  and 
ATP  between  stations  B7  and  B8,  which  was  accompanied  by 
a rise  in  the  index  suggesting  a moribund  condition. 

This  is  quite  possible  since  Cladophora  mats  covered  the 
artificial  substrate  samples  limiting  light  penetration 
and  producing  a quiescent  zone  for  the  deposition  of 
particulate  material. 

7)  In  the  Spring  Creek  system  there  was  an  increase  in  ash- 
free dry  weight  and  ATP,  with  a sharp  increase  in  this 
ratio.  Again  this  indicates  decreased  activity  or  a 
disproportionate  increase  of  non-living  organic  material. 

These  variations  in  the  organic  "biomass"/ATP  ratio  may  also  reflect 
a change  in  the  periphyton  composition  to  species  with  more  or  less 
ATP  since  it  has  been  shown  in  the  literature  that  ATP/dry  weight 
varies  between  organisms.  The  organic  weight/ATP  ratio  varies  in  a 
manner  similar  to  the  autotrophic  index  (AI) , increasing  or  de- 
creasing along  with  the  autotrophic  index  at  all  Brush  Creek  stations 
except  station  B7  (Table  78) . This  may  indicate  that  what  was 
termed  a "heterotrophic"  community  in  Brush  Creek  may  be  in  part 
moribund  biomass  or  non-living  organic  material.  Although  the 
periphyton  is  considered  heterotrophic  at  station  B7,  below  the  waste 
treatment  facility,  it  was  apparently  a living,  active  community 
because  of  the  high  ATP  levels  and  low  value  of  the  organic  biomass/ 

ATP  ratio. 

Chlorophyll  a/  ATP  Ratio  - 

The  ratio  of  chlorophyll  a/ ATP  more  directly  reflects  a living  fraction 
of  the  periphyton  biomass.  It  was  also  shown  previously  that  the 
periphyton  was  composed  of  about  40  percent  algal  biomass.  This 
ratio  will  increase  as  chlorophyll  increases  or  ATP  decreases. 
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A decrease  in  ATP  with  little  shift  in  chlorophyll  will  increase  this 
ratio  indicating  a moribund  state  of  the  algal  fraction.  On  the 
otherhand,  a disproportionate  increase  in  heterotrophic  species  over 
autotrophic  species  will  increase  the  ATP  level  and  decrease  the 
ratio.  The  following  trends  were  observed  (Table  78): 

1)  Between  stations  B2  and  B3  there  was  a decrease  in 
chlorophyll,  algal  biomass,  ATP,  and  total  ash-free  dry 
weight.  The  chlorophyll/ATP  ratio  also  decreased. 

2)  Between  stations  B3  and  B4  these  measurements  increased 
in  value  and  likewise  there  was  an  increase  in  this 
ratio. 

3)  There  was  a decrease  in  chlorophyll  between  stations 
B4  and  B6,  a decrease  in  ATP,  and  an  increase  in 

this  ratio.  Between  these  stations  there  was  a slight 
decrease  in  ash-free  dry  weight.  This  indicates  that 
there  may  be  a change  in  the  ratio  at  non-algal  species 
to  algal  species,  or  that  the  algal  species  at  station 
B4  (higher  chlorophyll  level)  were  moribund.  The  auto- 
trophic index  suggests  a shift  to  a more  autotrophic 
community  between  these  stations. 

4)  There  was  a decrease  in  this  ratio  between  stations  B6 
and  B7  which  was  accompanied  with  an  increase  in 
chlorophyll  and  ATP.  This  would  suggest  that  there 
was  a disproportionate  increase  in  non-algal  species 
at  station  B7.  The  autotrophic  index  indicates  the 
latter  to  be  true. 

5)  At  station  B8  there  was  a decrease  in  chlorophyll  and 
other  measurements,  and  the  value  of  the  chlorophyll/ 

ATP  ratio  was  low.  This  lew  level  indicates  a non-algal 
fraction  of  the  community  predominates  which  is  also 
reflected  by  a very  high  autotrophic  value. 

6)  In  the  Spring  Creek  system  the  large  increase  in 
chlorophyll  and  not  so  large  increase  in  ATP  produced 
and  increase  in  the  ratio. 
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The  comparison  of  this  ratio  to  the  autotrophic  index  suggests 
that  the  chlorophyll/ATP  ratio  more  closely  reflects  a change  in 
the  ratio  of  algal  to  non-algal  species  than  the  activity  or 
condition  of  the  algal  fraction. 

Autotrophic  Index/ATP  Ratio  (AI/ATP)  - 

This  ratio  may  give  an  indication  of  the  condition  of  the  periphyton 
community.  This  ratio  is  expressed  as: 

2 

ash-free  dry  wt  (mg/m  ) 
chlorophyll  a_  (mg/m^) 

ATP  (mg/m-O 

The  following  variations  can  occur: 

1)  If  the  autotrophic  index  (numerator)  increases  in  value 
and  ATP  remains  constant  the  value  of  the  ratio  will 
increase.  This  indicates  that  the  increasing  "hetero- 
trophic"  nature  of  the  periphyton  may  actually  be  non- 
viable  ash-free  dry  weight. 

2)  If  the  autotrophic  index  (numerator)  remains  constant 
and  the  ATP  increases,  the  ratio  will  decrease,  and  if 
ATP  decreases  the  ratio  will  increase.  This  may  reflect 
the  condition  of  the  periphyton. 

3)  If  the  numerator  (autotrophic  index)  increases  and 
ATP  increases  the  ratio  may  not  change. 

When  the  autotrophic  index  was  compared  to  this  ratio  those  stations 
which  were  labelled  as  autotrophic,  i.e.,  values  less  than  100, 
had  low  AI/ATP  ratios.  This  is  seen  at  stations  B2  and  SI.  Those 
stations  which  were  high  heterotrophic  had  a high  autotrophic 
index/ATP  ratio,  e.g.,  station  B8.  This  suggests  a large  fraction 
of  non-living  organic  material,  or  moribund  biomass. 


If  a periphyton  community  was  autotrophic,  i.e.,  AI  less  than  100, 
and  the  AI/ATP  ratio  was  high,  resulting  from  low  ATP  values,  the 


community  would  be  a moribund  autotrophic  association.  On  the  other- 
hand,  if  the  community  was  autotrophic,  i.e.,  AI  less  than  100, 
and  the  AI/ATP  ratio  was  low,  resulting  from  a high  ATP,  the 
community  would  be  a healthly,  active  algal  association. 

A community  labelled  as  heterotrophic , i.e.,  AI  greater  than  100, 
with  a high  AI/ATP  ratio  resulting  from  low  ATP  would  be  considered 
a moribund  heterotrophic  association  or  it  is  composed  of  a large 
amount  of  non-living  organic  mass  or  detritus.  If  the  community 
was  heterotrophic,  i.e.,  AI  greater  than  100,  and  the  AI/ATP  ration 
was  low  resulting  from  a high  ATP  value,  the  community  would  be  a 
living  viable  association  comprised  mostly  of  non-algal  species. 

In  the  Brush  Creek  system  station  B2  was  autotrophic  with  a low  AI/ 

ATP  ratio  (Table  79  ) suggesting  a healthy  association  composed 
predominantly  of  algae.  As  show  in  Table  77  67  percent  of  the 

periphyton  was  algal  biomass  which  was  the  highest  of  any  station. 

At  stations  B3  and  E4  the  autotrophic  index  increased  to  177  and 
194  respectively,  with  corresponding  increases  in  the  AI/ATP  ratios. 
This  may  suggest  some  inactive  organic  material  when  compared  to 
station  B6.  At  this  latter  station  the  community  becomes  more  auto- 
trophic (AI=123)  with  a slight  increase  in  the  AI/ATP  ratio.  This 
results  from  either  a decrease  in  non-algal  species,  a decrease  in 
non-living  organic  material,  and  an  increase  in  ATP  activity,  or 
a combination  of  these  aspects. 

Most  interesting  is  station  B7  which  had  a high  AI  value  of  187 
yet  had  a low  AI/ATP  ratio  similar  to  the  autotrophic  station  B2. 

This  indicates  there  was  a high  level  of  ATP  suggesting  living, 
active  community  with  a large  portion  of  non-algal  biomass.  There 
was  approximately  34  percent  algal  biomass  at  this  station  (Table  77  ). 
At  station  B8  the  AI  was  very  high  (530)  as  was  the  AI/ATP  ratio. 

This  indicates  first  a low  level  of  algal  biomass,  which  was  true, 
i.e.,  12  percent  (Table  77),  but  also  a high  level  of  moribund  or 
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non-living  organic  mass  which  would  yield  a low  ATP  level  and  a 
high  ash-free  dry  weight  value. 

Non-algal  Biomass/ATP  ratio  - 

The  ratio  of  non-algal  biomass/ATP  may  give  an  indication  of  the 
condition  or  type  of  non-algal  material,  i.e.,  living  or  detrital. 
This  is  best  seen  when  the  ratios  of  the  autotrophic  index,  organic 
weight/ATP,  and  non-algal  biomass/ATP  are  compared  side-by-side 
(Table  79  )• 

Table  79.  COMPARISON  OF  ORGANIC  WEIGHT  AND  NON- 
ALGAL  BIOMASS  TO  ATP  AS  RATIOS.  IOWA  ARMY  AMMUN- 
ITION PLANT.  BRUSH  CREEK  AND  SPRING  CREEK  BURL- 
INGTON, IOWA.  MAY  - JUNE  1975 


Station 

Autotrophic 

Index 

AI/ 

ATP 

Organic  Wt / 
ATP 

Non-Algal 
Biomass /ATP 

B1 

188 

— 

- 

- 

B2 

97 

24 

109 

62 

B3 

177 

47 

123 

98 

B4 

194 

43 

146 

119 

B5 

- 

- 

50 

- 

B6 

123 

50 

142 

98 

B7 

187 

27 

97 

79 

B8 

530 

182 

167 

157 

SI 

63 

26 

115 

- 

S2 

137 

27 

236 

171 

It  is  observed  that  parallel  trends  exist  between  stations  B2,  B3, 
and  B4.  As  the  autotrophic  index  increases,  i.e.,  becomes  more  hetero- 
trophic,  likewise  do  the  ratios  of  organic  weight/ATP  and  non-algal 
biomass/ATP.  This  indicates  an  increase  in  non-algal  biomass  which 
is  probably  living  material.  At  station  B6  there  was  a decrease  in 
the  AI  yet  the  organic  weight/ATP  ratio  remained  high  and  there  was 
a slight  decrease  in  the  non-algal  biomass/ATP  ratio.  This  suggests 
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a community  composed  proportionally  of  more  algae  than  the  previous 
stations.  Stations  B2  and  B6  had  the  highest  biomass  of  algae  (Table 
77  ) and  likewise  have  the  lowest  non-algal  biomass/ATP  ratios. 


f 


As  the  value  of  the  organic  weight/ATP  ratio  and  the  non-algal 
biomass/ATP  ratio  approach  each  other  it  suggests  a large  percentage 
of  the  ash-free  dry  weight  (organic  weight)  is  living  and  proportion- 
ally more  heterotrophic . Furthermore,  if  the  AI  is  greater  than  100, 
it  reflects  a viable  heterotrophic  association.  This  is  seen  at 
station  B7  (Table  79  ) . 


Greater  differences  between  these  two  ratios  accompanied  by  low  AI 
values  suggests  a viable  algae  association.  This  is  seen  at  station 
B2. 


The  other  extreme  is  seen  at  station  B8.  High  ratios  of  organic 
weight  and  non-algal  biomass  to  ATP,  accompanied  by  a very  high  AI 
value,  suggest  a heterotrophic  community  of  low  activity.  It  is 
probable  that  a large  fraction  of  the  ash-free  dry  weight  is  non- 
viable.  The  conversion  of  data  indicates  that  about  88  percent  of  the 
periphyton  at  this  station  is  non-algal  (Table  77) . Of  this  non- 
algal,  organic  mass  most  is  probably  non-living  detrital,  or  moribund 
cells  of  heterotrophs. 

At  station  S2  the  AI  indicates  slight  heterotrophism.  The  ratios 
of  ATP  suggest  very  low  activity  but  also  indicate  that  there  may 
be  a large  fraction  of  non-living  organic  material  (Table  79  ).  The 
organic  weight  may  represent  a large  portion  of  algae,  algal  biomass 
was  47  percent  (Table  77)  , and  the  non-algal  biomass  may  be  non- 
living, which  would  increase  the  AI  value. 

ATP/Organic  Weight  and  ATP/Chlorophyll  a - 

One  last  comparison  was  to  look  as  the  levels  of  ATP/mg  ash-free  dry 
weight  and  ATP/mg  chlorophyll  a.  The  level  of  ATP  decreased  between 


stations  B2  and  B4,  although  it  was  not  a straight  line  decrease 
(Table  80  ).  High  ATP  levels  were  reported  at  stations  B5  and 
B7  with  low  values  at  stations  36  and  B8.  An  increase  in  ATP 
levels  was  seen  between  stations  SI  and  S2. 

When  expressed  as  ATP/mg  ash  free  dry  weight  there  was  a linear  de- 
crease between  stations  B2  and  B4.  Low  ratios  were  also  recorded 
at  stations  B6  and  B8.  Stations  B5  and  B7  had  high  levels  ATP/ 
mg  ash-free  dry  weight  (Table  80  ) . Higher  values  indicates  greater 
activity  of  the  periphyton  community.  Low  or  decreasing  levels 
would  suggest  a disproportionate  increase  in  non-viable  organic 
material,  i.e.  detritus,  or  the  death  of  the  existing  community. 
Therefore,  between  stations  B2  and  B4  there  was  either  an  increase 
in  non-living  organic  material  or  an  inhibition  and  gradual  decrease 
in  biological  activity  of  the  periphyton  microcommunity.  The 
community  was  apparently  stimulated  at  station  B5,  being  viable 
with  little  non-living  organic  material.  There  was  then  a 
decrease  in  activity  at  station  B6  followed  by  stimulation  at 
station  B7. 

When  expressed  as  ATP/mg  chlorophyll  a an  indication  of  algal  activity 

or  condition  is  given.  There  appears  to  be  a decrease  in  activity 

between  stations  B2  and  B3  in  terms  of  ATP/organic  weight,  i.e., 

8.4  x 10  mg  ATP/mg  organic  weight  decreased  to  6.6  x 10  ^ mg 

ATP/mg  organic  weight.  However,  there  was  a corresponding  shift 
-3 

of  8.1  x 10  mg/ATP  mg  chlorophyll  a increasing  to  11.7  x 10  mg 
ATP/mg  chlorophyll  a between  stations  B2  and  B3  (Table  80).  This 
suggests  greater  (increased)  activity  in  the  algal  fraction  of  the 
periphyton  community.  The  autotrophic  index  (Table  79)  however, 
suggests  a heterotrophic  association.  It  may  be  concluded  that 
the  organic  nature  of  the  periphyton  between  these  stations  is 
possibly  non-viable  or  detrital. 


TABLE  80.  COMPARISON  OF  ATP (mg)  ORGANIC  WEIGHT  (mg) 
AND  CHLOROPHYLL  a (mg) . IOWA  ARMY 
AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEKS 
BURLINGTON,  IOWA.  MAY-JUNE,  1975. 


Station 


Org.  Wt. 


Chi.  a 


ATP /Org.  Wt. 


ATP/Chl . a 


B1 

7797 

41.49 

- 

- 

- 

B2 

2000 

20.69 

0.168 

8.4  x 10”5 

8.1  x 10~3 

B3 

1180 

6.65 

0.078 

6.6  x 10-3 

11.7  x 10" 

B4 

2278 

11.74 

0.106 

4.6  x 10~5 

9.0  x 10"3 

B5 

607 

— 

0.240 

39.5  x 10-5 

- 

B6 

1007 

8.17 

0.050 

4.9  x 10~5 

6.1  x 10~3 

B7 

2501 

13.33 

0.264 

10.6  x 10-5 

19.8  x 10“ 

B8 

451 

0.85 

0.016 

3.5  x 10~5 

18.8  x 10" 

SI 

1209 

19.24 

0.091 

7.5  x 10  5 

m 

1 

o 

X 

S2 

11564 

84.32 

0.208 

1.8  x 10-5 

2.5  x 10-3 
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Between  stations  B3  and  B4  there  was  a decrease  in  the  levels  of  ATP  to  both 
organic  weight  and  chlorophyll  a with  a corresponding  increase  in  the  auto- 
trophic index  (Table  79  and  80).  This  suggests  a decrease  in  the  acitivity 
of  the  autotrophs  as  well  as  the  heterotrophs  and  the  possible  increase  in 
non-living  material. 


Increased  levels  were  seen  in  both  ratios  between  stations  B6  and  B7  (Table  80); 

ATP  increased  from  4.9  x 10  ^ to  10.6  x 10  ^ mg/mg  ash-free  dry  weight  and  6.1 

-3  -3 

x 10  to  19.8  x 10  mg/mg  chlorophyll  a.  The  autotrophic  index  increased  from 
123  to  187  (Table  79).  This  suggests  a stimulation  of  both  the  heterotr iphic 
and  autotrophic  franctions  of  the  periphyton. 

Definite  conclusions  are  not  readily  evident  in  the  comparisons  of  periphyton 
communities  using  ATP  and  other  measurements.  The  trends  of  ATP,  ash-free  dry 
weight,  and  chlorophyll  a were  very  similar.  There  did  appear  to  be  decreased 
activity  at  stations  B3,  B4,  B6  and  B8  of  Brush  Creek.  Greatest  activity  of  the 
periphyton  micro-community  was  at  station  B2,  B5,  and  B7  of  Brush  Creek.  No  consistent 
trend  was  observed  between  ATP  and  periphyton  activity,  and  water  and  sediment 
chemistry. 


Various  ratios  of  organic  biomass  or  chlorophyll  to  ATP  were  calculated  in 
an  effort  to  determine  which  periphyton  fraction,  i.e.,  algal  or  non-algal 
species,  was  most  affected  or  caused  the  variations  in  ATP  activity.  Trends 
for  the  most  part  followed  the  autotrophic  index.  Although  more  comparisons 
and  correlations  can  be  applied  to  these  data;time  and  space  do  not  permit 
this  effort.  It  may  be  worthwhile  to  apply  a coefficient  of  correlation  to 
these  data. 

In  summary  it  can  be  said  that  ATP  can  be  used  to  reflect  the  condition  of 
a natural  microcommunity.  It  also  has  the  potential  to  define  which  level 
of  organisms  is  most  active  and  which  is  viable.  Greatest  difficulty 
in  measuring  ATP  are  the  collection  of  material,  preparation  and  handling, 
and  extraction.  In  these  experiments  it  is  felt  that  only  a small  fraction 
of  the  ATP  was  extracted  or  recovered.  ATP  levels  were  low,  consistently 
low  yet  constant,  indicating  a procedural  or  mathematical  error.  Additional 
time  must  be  spent  in  reviewing  all  possible  correlations  of  ATP  data. 
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Results  (October) 


Species  Occurrence  - 

Diatom  dominance  on  artificial  substrates  (October)  - The  trend  of 
diatom  species  diversity  on  artificial  substrates  for  Brush  and 
Spring  Creeks  showed  an  expected  trend  when  effluents  are  present 
on  a stream  system.  Table  81  and  82  and  Figure  38  show  the  values 
of  species  diversity  and  evenness  calculated  for  each  sample 
replicate,  as  well  as  the  mean  and  standard  deviation  of  the 
replicates  for  each  station.  The  three  samples  collected  at  each 
station  were  very  similar.  This  degree  of  replication  is  further 
verified  through  the  use  of  the  Pinkham  and  Pearson  coefficient  of 
association.  Using  this  means  of  analysis  the  following  were  noted: 

1)  At  station  B1  the  diatom  species  distribution  of  the  three 
replicates  was  similar  above  the  70  percent  level  (Figure  39).  The 
mean  species  diversity  of  3.01  was  much  higher  this  survey  than 
during  the  spring,  due  to  the  samplers  remaining  in  the  water 

and  thus  allowing  for  better  growth  of  periphyton. 

2)  The  three  replicates  at  station  B2  were  also  similar  above 
the  70  percent  level  (Figure  40).  The  mean  species  diversity  was 
low  (1.09). 

3)  Replication  at  station  B3  was  somewhat  lower,  however,  the 
three  replicates  were  similar  above  65  percent  (Figure  41).  Mean 
species  diversity  was  much  lower  than  at  station  B2  (0.89). 

4)  The  three  replicate  samples  at  station  B4  were  variable. 

Two  replicates  were  similar  above  85  percent  while  the  third 
replicate  was  similar  to  these  two  only  at  the  55  percent  level 
(Figure  42).  Diversity  was  calculated  at  0.84. 

5)  Sample  replication  at  station  B5  was  good.  The  three 
samples  were  similar  above  .85  percent  (Figure  43).  Species 
diversity  for  the  three  combined  replicates  had  increased  to  1.23 
from  the  previous  station. 

6)  Similarity  of  the  three  replicates  at  station  B6  varied. 

Two  replicates  were  similar  above  90  percent,  while  the  third 
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replicate  was  similar  to  these  two  at  only  60  percent  (Figure  44; . 
Mean  species  diversity  as  this  station  decreased  to  0.82. 

7)  At  station  B7  the  mean  diatom  species  diversity  was  1.97, 
twice  the  level  found  at  station  B6.  The  three  replicates  were 
similar  above  50  percent  (Figure  45) . 

8)  The  three  replicate  samples  at  station  B8  were  similar  above 
the  75  percent  level  (Figure  46) . Species  diversity  was  calculated 
at  2.32,  the  highest  level  of  diversity  since  station  B1  (3.01). 

9)  Both  Spring  Creek  stations  showed  high  mean  diatom  species 
diversities.  Station  SI  had  a mean  diatom  species  diversity  of  2.35. 
Replication  of  the  three  slides  was  70  percent  (Figure  47). 

10)  Station  S2  had  its  three  replicates  similar  at  65  percent 
(Figure  48) . Mean  diatom  species  diversity  for  this  station  was 
2.72. 


Mean  diatom  species  diversity  of  periphyton  collected  from  artificial 
substrates  decreased  sharply  from  station  B1  to  station  B2, 
and  continued  to  decrease  through  stations  B3  and  B4  (Table  81; 

Figure  38).  Species  diversity  then  increased  at  station  B5 
and  decreased  again  at  station  B6  to  a level  equal  to  that  found 
at  station  B4.  A sharp  increase  occurred  between  station  B6  and 
station  B8.  Species  evenness  (Table  82;  Figure  38)  showed  a parallel 
trend  with  species  diversity. 

Species  diversity  exhibited  a small  increase  between  stations 
SI  and  S2  on  Spring  Creek  (Table  t>l;  Figure  36).  Species 
evenness  parallelled  species  diversity  (Table  82;  Figure  38). 

Diatom  species  data  from  replicate  samples  were  combined  and 
compared  between  stations  using  the  coefficient  of  similarity. 

The  application  of  the  Pinkham  and  Pearson  coefficient  of  association 
resulted  in  four  stations  (SI,  S2,  B1  and  B8)  being  grouped 
together  which  is  a trend  similar  to  that  observed  during  the 
May-June  collection  period.  Station  S2  was  similar  to  stations  SI 
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and  B1  at  the  36  percent  and  30  percent  levels,  respectively 
(Table  83;  Figure  49).  It  was  less  similar  to  station  B8 
(23  percent).  Station  B8  had  a very  low  similarity  with  station 
SI  (22  percent  ) while  station  B1  was  similar  to  station  B8  at  only 
17  percent.  Station  SI  and  S2  of  Spring  Creek  were  expected  to  have 
a high  similarity  due  to  their  proximate  location  in  the  same  stream. 
Station  B1  was  also  similar  to  these  two  Spring  Creek  stations,  due 
to  the  fact  that  all  three  stations  are  in  virgin  waters  with  no 
industrial  effluents  to  affect  the  diatom  population.  The  fourth 
station,  B8,  was  similar  to  the  other  station  (i.e.  SI,  S2  and  Bl) 
at  only  20  percent.  Station  B8  was  the  only  station  of  the  four 
affected  by  industrial  effluents.  These  four  stations  had  higher  mean 
species  diversity  than  the  other  stations. 


Among  the  remaining  stations,  B2,  B6  and  35  were  similar  at  the 
70  percent  level.  Station  B2  and  station  B6  were  the  most 
similar  of  the  three  stations  (77  percent).  The  B3  and  B4  stations 
had  diatom  species  associations  similar  at  the  85  percent  level.  Both 
groups  of  stations  (i.e.  B2,  86,  B5  vs  B3,  B4)  were  similar  above 
the  60  percent  level,  with  station  B7  being  similar  to  this  combined 
group  at  30  percent.  All  sampling  stations  were  similar  together 
at  14  percent.  The  lack  of  similarity  at  or  with  station  B7  may  be 
the  result  of  its  close  proximity  to  the  main  domestic  sewage  treat- 
ment facility  for  the  IAAP  installation. 


Application  of  the  truncated  normal  curve“  to  the  Brush  Creek 
periphyton  data  revealed  that  the  height  of  the  mode  was  not  exposed. 
Station  Bl  and  B8  (Figure  50  and  57)  of  Brush  Creek  had  their  mode 
heights  above  six  species,  which  is  higher  than  any  other  station 
on  the  stream.  Station  B2  through  B7  (Figures  51-56)  had  very  low 
curves  with  the  mode  falling  in  the  range  of  two  to  five  species. 
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FIGURE  50.  Distribution  ol  Diatom  Community  Collected  on  Artlllcial  Substrates. 


16-32  32-64  64-  128-  256-  512-  1024-  2048- 
128  256  512  1024  2048  4096 


FIGURE  51  .Distribution  ol  Diatom  Community  Collected  on  Artilicial  Substrates. 
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FIGURE  52 . Distribution  ol  Diatom  Community  Collected  on  Artificial  Substrates. 
Iowa  Army  Ammunition  Plant,  Brush  Creek.  Burlington.  Iowa. 
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FIGURE  "> ^-Distribution  ol  Diatom  Community  Collected  on  Artiticial  Substrate*. 
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FIGURE  54 -Distribution  ol  Diatom  Community  Collected  on  Artificial  Substrate*. 
Iowa  Army  Ammunition  Plant,  Brush  Creek.  Burlington,  Iowa- 


Number  ol  Individuals 


FIGURE  55.  oistribulion  ol  Diatom  Community  Collectod  on  Artillcial  Substrate*. 
Iowa  Army  Ammunition  Plant,  Brush Creek.Burlinflton.  Iowa. 
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FIGURE  56.  Distribution  of  Diatom  Comunity  Coiloctad  on  Artificial  Substrates. 
Iowa  Army  Ammunition  Plant,  Brush  Croak.  Burlington,  fowa. 
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Station  SI  and  station  S2  of  Spring  Creek  had  curves  more  like 
stations  B1  and  B8  of  Brush  Creek.  Likewise,  the  coefficient  of 
similarity  (Figure  49)  showed  these  stations  to  be  most  similar. 

The  height  of  the  mode  for  stations  SI  and  S2  was  approximately 
six  species  (Figures  58  and  59) . 

During  October  1975,  there  were  six  species  of  diatoms  which  comprised 
49  percent  of  the  diatom  association  at  station  Bl.  These  were 
Surirella  ovata  Kuetz.  var.  ovata  (17  percent),  Gomphonema  angustatum 
(Kuetz.)  Rabh.  var.  angustatum  (7  percent),  Achnanthes  lanceolata 
(Breb.)  Grun.  var.  lanceolata  (7  percent),  Navicula  heufleri  Grun. 
var.  heufleri  (7  percent),  Navicula  cryptocephala  var.  veneta  (Kuetz.) 
Grun.  (6  percent)  and  Nitzschia  amphibia  Grun.  var.  amphibia  (5  per- 
cent) (AppendixXIII) . 

At  station  B2,  two  species,  not  common  at  station  Bl,  comprised  85 
percent  of  the  diatom  community.  Surirella  angusta  Kuetz.  var.  angusta 
was  dominant  at  72  percent  while  Amphora  bullatoides  Hohn.  & Hellerm. 
var.  bullatoides  was  common  at  13  percent. 

The  same  two  species  present  at  station  B2  remained  abundant  at 
station  B3.  Surirella  angusta  Kuetz.  var.  angusta  (61  percent)  de- 
creased by  11  percent,  but  remained  dominant.  However,  Amphora 
bullatoides  Hohn  & Hellerm.  var.  bullatoides  increased  from  13  per- 
cent to  35  percent.  Thus,  these  two  species  together  comprised  96 
percent  of  the  diatom  dominance  at  this  station: 

Surirella  angusta  Kuetz.  var.  angusta  and  Amphora  bullatoides 
Hohn  & Hellerm.  var.  bullatoides  were  present  at  station  B4  at  63 
percent  and  31  percent,  respectively.  Together,  these  two  species 
comprised  94  percent  of  the  diatom  population. 

At  station  B5,  four  species  comprised  93  percent  of  the  diatom 
community,  with  Surirella  angusta  Kuetz.  var.  angusta  remaining 
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FIGURE  59.  Distribution  ol  Diatom  Community  Collected  on  Artificial  Substrates. 
Iowa  Army  Ammunition  Plant,  Spring  Creek,  Burlington,  Iowa. 
October  t975 
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dominant  at  63  percent.  Co-dominant  was  Achnanthes  minutissima  Kuetz. 
var.  minutissma  (13  percent).  The  two  other  species,  Navicula  biconica 
Patr.  var.  biconica  and  Amphora  bullatoides  Hohn  & Hellerm.  var. 
bullatoides,  were  common  at  10  percent  and  7 percent,  respectively. 

Three  species  at  station  B6  comprised  93  percent  of  the  total  diatom 
community  structure.  Surirella  angusta  Kuetz.  var.  angusta  increased 
to  79  percent.  Achnanthes  lanceolata  (Breb.)  Grun.  var.  lanceolata 
and  Arnnhora  bullatoides  Hohn  & Hellerm.  var.  bullatoides  were  both 
common  at  7 percent. 

Surirella  angusta  Kuetz.  var.  angusta  was  dominant  at  station  B7  but 
at  a lower  percent  level  (30  percent).  Three  other  species, 

Gomphonema  parvulum  (Kuetz.)  Grun.  var.  parvulum  (25  percent), 
Achnanthes  lanceolata  (Breb.)  Grun.  var.  lanceolata  (10  percent) 
and  Navicula  pseudoatomus  Lund  var.  pseudoatomus  (8  percent) 
together  comprised  43  percent  of  the  diatom  population  at  this 
station. 

A new  dominant,  Navicula  pseudoatomus  Lund.  var.  pseudoatomus  (44 
percent),  was  present  at  station  B8.  Other  species  common  and 
comprising  27  percent  of  the  total  population  were  Nitzschia  fonticola 
Grun.  var.  fonticola  (8  percent),  Navicula  viridula  var.  rostellata 
(Kuetz.)  Cl.  (8  percent).  Amphora  bullatoides  Hohn.  & Hellerm.  var. 
bullatoides  (6  percent)  and  Gomphonema  parvulum  (Kuetz.)  Grun.  var. 
parvulum  (5  percent). 


Spring  Creek  species  occurrence  showed  different  dominant  species 
for  each  station.  Station  SI  had  three  species  which  comprised 
62  percent  of  the  diatom  association  Achnanthes  lanceolata  (Breb.) 

Grun.  var.  lanceolata  was  the  dominant  (38  percent).  The  two  other 
species,  Nitzschia  amphibia  Grun.  var.  amphibia  and  Nitzschia  fonticola 
Grun.  var.  fonticola  were  both  common  at  12  percent. 
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At  station  S2,  61  percent  of  the  diatom  population  was  comprised  of 
six  species.  Twenty-eight  percent  of  the  diatom  association  was 
Nitzshia  amphibia  Grun.  var.  amphibia,  compared  to  12  percent  at 
station  SI.  Amphora  bullatoides  Hohn  & Hellerm.  var.  bullatoides, 
Achnanthes  lanceolata , (Breb . ) Grun.  var.  lanceolata,  Gomphonema 
angustatum  (Kuetz.)  Rabh.  var.  angustatum,  G.  acuminatum  var. 
coronata  (Ehr.)  W.  Sm.  and  Surirella  ovalis  Breb.  var.  ovalis  were 
next  in  decreasing  order  of  abundance. 

Differences  in  diatom  community  structure  and  similarity  which 
occurred  between  the  sampling  stations  were  the  result  of  the  occur- 
rence, loss,  and  recurrence  of  uncommon  and  rare  species,  each 
occurring  at  a level  of  between  five  and  one  percent  or  less  than 
one  percent,  respectively.  The  occurence  of  common,  very  common, 
and  abundant  species  remained  somewhat  constant  throughout  the 
station  scheme.  Most  often  the  same  species  fell  into  these 
categories  with  slight  shifts  seen  between  their  relative  frequencies. 
To  summarize  Appendix XIII  total  number  of  taxa  at  the  reference  and 
recovery  stations,  i.e.  Bl,  SI,  S2,  B8,  was  higher,  ranging  from  42 
to  46  taxa.  The  Brush  Creek  stations  between  Bl  and  B8  had  a 
very  low  number  of  taxa  (10-25  species). 

Diatom  dominance  on  natural  substrates  (October)  - Samples  collected 
from  natural  substrates  included  growths  on  wood,  rock  and  sediment 
surfaces.  Tables  84  and  85  and  Figure  60  show  the  values  of  species 
diversity  and  evenness  for  each  station,  respectively,  as  well  as 
the  mean  and  standard  deviation  for  these  values.  Diversity  based 
on  combined  species  data  from  the  three  substrate  types  is  also 
included  in  Table  84.  The  combined  species  diversity  is  more  re- 
presentative of  the  periphyton  community  occurring  at  the  different 
stations  because  these  are  not  true  replicate  samples,  being  from 
different  substrate  types. 
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Due  to  substrate  limitation,  no  samples  were  collected. 


Using  the  combined  species  diversity  values  the  following  were  noted: 


1.  At  station  Bl,  natural  substrate  collections  were  limited  to 
the  sediment  sample.  The  stream  at  this  time  was  dry  because 
of  the  drought  conditions.  This  one  sample  had  a very  high 
species  diversity  (3.26). 

2.  Individual  species  diversity  for  wood,  rock  and  sediment  at 
station  B2  were  1.53,  1.83  and  1.14,  respectively.  Mean  species 
diversity  was  1.50  while  combined  species  diversity  was  calculated 
at  1.72. 

3.  Species  diversity  for  the  three  natural  substrate  samples 
collected  from  station  B3  showed  values  between  0.86  and  2.19 
(Table  84).  The  combined  species  diversity  was  1.95. 

4.  At  station  B4,  combined  species  diversity  was  lower  (1.09) 
than  any  other  sampling  stations.  Diversity  values  for  the 
individual  samples  were  each  less  than  1.20. 

5.  Species  diversity  for  the  three  natural  substrate  samples  was 
variable  at  station  B5.  Periphyton  species  diversity  on  wood 
was  1.85,  rock  was  1.04,  and  sediment  was  0.65,  with  a combined 
species  diversity  of  1.38. 

6.  Combined  species  diversity  at  station  B6  was  1.61.  Individual 
diversity  for  the  wood,  rock  and  sediment  samples  was  2.17, 

1.23  and  0.95,  respectively. 

7.  At  station  B7,  combined  species  diversity  was  much  lower 
(1.20),  than  the  mean  species  diversity  (2.01).  Species 
diversity  for  the  individual  samples  ranged  from  1.79  to  2.29 
(Table  84). 

8.  Species  diversity  for  wood,  rock  and  sediment  were  2.71,  1.09 
and  2.81,  respectively,  at  station  B8.  The  combined  species 
diversity  was  2.84  at  this  station. 

9.  Combined  species  diversities  and  individual  species  diversities 
at  the  Spring  Creek  sampling  stations  were  very  high.  Station 
SI  had  a combined  species  diversity  of  3.29.  The  diversity 
values  for  each  sample  were  above  2.70. 
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10.  At  station  S2,  individual  species  diversity  for  each  substrate 
was  very  close,  ranging  from  2.23  to  2.63.  The  combined  species 
diversity  was  2.93. 

Mean  diatom  species  diversity  of  periphyton  collected  from  the  three 
natural  substrates  showed  a sharp  decrease  between  station  B1  (3.26)  and 
station  B2  (1.50)  (Table  84;  Figure  60  ) . Station  B3  remained  at  the 
same  diversity  level  as  station  B2.  From  station  B3  to  station  B4,  a 
decrease  occurred  (1.48  to  1.04).  An  increase  occurred  from  station 
B4  through  B8.  At  Spring  Creek, a decrease  was  seen  between  station  SI  and 
station  S2. 

The  combined  species  diversity  trend,  which  is  more  representative  of  the 
diatom  community  collected  from  the  natural  substrates,  was  very  different 
from  the  mean  species  diversity.  A sharp  decrease  occurred  between  stations 
B1  (3.26)  and  B2  (1.72)  with  a small  increase  to  station  B3  (1.95).  A 
decrease  was  then  seen  between  station  B3  and  station  B4.  From  station 
B4  an  increase  in  diversity  occurred  to  station  B6  where  it  then  decreased 
at  station  B7.  Between  stations  B7  and  B8  a sharp  decrease  occurred. 

A decrease  occurred  between  the  Spring  Creek  stations,  SI  and  S2,  but  at 
higher  values  than  mean  species  diversity. 

Diatom  species  data  from  the  three  natural  substrates  were  combined  and 
compared  between  stations  using  the  coefficient  of  similarity.  The 
applicaton  of  the  Pinkham  and  Pearson  coefficient  of  associaton  resulted 
in  seven  Brush  Creek  stations  being  similar.  These  were  stations  B2, 

B3,  B4,  B5,  B6,  B7  and  B8  (Table  86  ; Figure  61).  Each  station  also  had 
lower  combined  species  diversity  than  stations  Bl,  SI  and  S2.  Stations 
B2  and  B4  were  most  similar  at  76  percent.  Stations  B5,  B6,  B7,  B3  and 
B8  followed  in  decreasing  similarity  as  shown  on  Figure  61.  All  seven 
stations  were  similar  to  each  other  above  the  55  percent  level. 

Station  Bl  and  station  SI,  which  had  the  highest  species  diversity,  weire 
paired  when  using  the  coefficient  of  similarity.  They  were  similar 
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at  50  percent.  Station  groups  - B2,  B3,  E4,  B5,  B6,  B7,  B8,  - and  - Bl, 

SI  - were  similar  above  45  percent. 

The  Spring  Creek  station  S2  was  the  least  similar  to  all  other  stations, 
however  it  had  one  of  the  highest  species  diversities  (2.93).  This  station, 
S2,  was  similar  to  the  other  nine  stations  near  the  40  percent  level. 

Percent  dominance  of  the  diatom  species  occurring  on  natural  substrates 
was  calculated  from  the  species  list  in  Appendix  XIV.  This  was  very 
similar  to  the  species  dominance  found  on  the  artificial  substrates. 

During  October  1975,  there  were  five  species  of  diatoms  which  comprised 
40  percent  of  the  diatom  association  at  station  31.  These  were  Surirella 
ovalis  Breb.  var.  ovalis  (16  percent),  Achnanthes  lanceol ata  (Breb.)  Grim. 
var.  lanceolata  (7  percent),  Navicula  cincta  (Ehr  .)  Ralfs,  var.  cincta 
(6  percent),  Surirella  angusta  Kuetz.  var.  angusta  (6  percent)  and 
Nitzschia  palea  (Kuetz.)  W.  Sm.  var.  palea  (5  percent)  (Appendix  XIV). 

At  station  B2,  four  species  comprised  90  percent  of  the  diatom  community. 
Surirella  angusta  Kuetz.  var.  angusta  was  dominant  at  37  percent  while 
Navicula  pygmaea  Kuetz.  var.  pygmaea  was  a co-dominant  (30  percent). 

The  two  other  species  were  Amphora  bullatoides  Hohn  & Hellerm.  var. 
bullatoides  (12  percent)  and  Navicula  pseudoatomus  Lund.  var.  pseudoatomus 
(11  percent). 

Surirella  angusta  Kuetz.  var.  angusta  remained  dominant  (47  percent)  at 
station  B3.  Navicula  pseudoatomus  Lund.  var.  pseudoatomus  increased  in 
frequency  from  11  percent  to  18  percent  and  was  co-dominant.  Also  common 
at  this  station  were  Amphora  bullatoides  Hohn.  £»  Hellerm.  var.  bullatoides 
(9  percent)  and  Achnanthes  minutissima  Kuetz.  var.  minutissima  (6 
percent).  Thus,  these  four  species  together  comprised  96  percent  of  the 
diatom  dominance  on  natural  substrates  during  October. 
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Two  species  comprised  88  percent  of  the  total  diatom  population  at 
station  B4.  These  were  Surirella  angusta  Kuetz.  var.  angusta  and 
Amphora  bullatoides  Hohn.  & Hellerm.  var.  bullatoides  at  69  percent 
and  19  percent  respectively. 
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At  station  B5,  three  species  occurred  together  at  84  percent  of  the  diatom 
community,  with  Surirella  angusta  Kuetz.  var.  angusta  remaining  dominant 
at  68  percent.  Amphora  bullatoides  Hohn.  & Hellerm.  var.  bullatoides  and 
Navicula  seminulum  var.  hustedtii  Patr.  were  both  common  at  8 percent. 

Similar  to  station  B4,  station  B6  had  the  same  two  species  present  and 
comprising  75  percent  of  the  diatom  population.  Surirella  angusta 
Kuetz.  var.  angusta  decreased  slightly  from  68  percent  to  61  percent, 
while  Amphora  bullatoides  Hohn.  & Hellerm.  var.  bullatoides  increased 
from  8 percent  to  14  percent. 

Surirella  angusta  Kuetz.  var.  angusta  was  dominant  at  station  B7  but  at 
a lower  percent  level  (33  percent).  Three  other  species,  Navicula 
pseudoatomus  Lund.  var.  pseudoatomus  (25  percent),  Rhoicosphenia 
curvata  (Kuetz.)  Grun.  var.  curvata(8  percent)  and  Achnanthes  lanceolata 
(Breb.)  Grun.  var.  lanceolata  (6  percent)  together  comprised  39  percent 
of  the  diatom  population  at  this  station. 

At  station  B8,  Surirella  ovalis  Breb.  var.  ovalis  recurred  at  8 percent 
but  was  not  dominant  as  at  station  Bl.  Surirella  angusta  Kuetz.  var. 
angusta  was  dominant  (24  percent).  Other  species  common  were  Navicula 
pseudoatomus  Lund.  var.  pseudoatomus  (12  percent)  and  Amphora  bullatoides 
Hohn.  & Hellerm.  var.  bullatoides  (11  percent).  Thus,  four  species 
comprised  55  percent  of  the  diatom  association. 

Spring  Creek  species  occurrence  showed  different  dominant  species  for 
each  station.  Station  SI  had  five  species  which  comprised  43  percent 
of  the  diatom  population.  A new  dominant,  N itzschia  amphibia  Grun.  var. 
amphibia  was  present  at  14  percent.  Rhoicosphenia  curvata  (Kuetz.)  Grun. 
var.  curvata  (8  percent),  Surirella  angusta  Kuetz . var.  angusta 
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(8  percent),  Navicula  heufleri  var.  leptocephala  (Breb.  ex  Grun . ) 

Patr.  comb.  nov.  (7  percent)  and  Surirella  ovalis  Breb.  var.  ovalis 
(6  percent)  were  common. 

At  station  S2,  53  percent  of  the  diatom  community  was  comprised  of  four 
species.  Seventeen  percent  of  the  diatom  association  was  Surirella 
ovalis  Breb.  var.  ovalis,  compared  to  6 percent  at  station  SI. 

Navicula  minima  Grun.  var.  minima,  Nitzschia  amphibia  Grun.  var.  amphibia 
and  Achnanthes  minutissima  Kuetz.  var.  minutissima  were  next  in  decreasing 
order. 

Differences  in  diatom  community  structure  and  similarity  which  occurred 
between  the  sampling  stations  were  the  result  of  the  occurrence,  loss, 
and  recurrence  of  uncommon  and  rare  species,  each  occurring  at  a level 
of  between  five  and  one  percent  or  less  than  one  percent,  respectively. 
Some  stations  in  the  relative  frequency  of  occurrence  of  common,  very 
common,  and  abundant  species  appear  to  be  significant  at  several  stations. 
To  summarize  Appendix  XIV.  The  reference  station  on  Brush  Creek,  Bl, 
and  the  recovery  station,  B8,  had  a high  total  number  of  species,  45  and 
49,  respectively.  The  remaining  Brush  Creek  stations  had  a total  number 
of  taxa  ranging  from  25  to  39.  The  Spring  Creek  stations,  SI  and  S2 
both  had  57  taxa. 

Ash-Free  Dry  Weight  - 

2 2 

A comparison  of  ash-free  dry  weight  (mg/m  and  mg/m  /day)  during  October 

1975  showed  a similar  trend  to  May-June  1975.  A decrease  in  ash-free 

dry  weight  occurred  between  station  Bl  and  station  B4  (Table 87  and  db; 

Figure  62).  Station  Bl  had  the  highest  ash-free  dry  weight  value 
2 

232.91  mg/m  /day)  while  station  B4  showed  the  lowest  value  of  ash  free 

2 

dry  weight  (64.92  mg/m  /day).  Station  B5  increased  slightly  in  ash-free 
dry  weight,  with  stations  B6  and  B7  remaining  at  a similar  level.  A 

sharp  increase  occurred  between  station  B7  and  station  B8  from  75.08 

2 2 
mg/m  /day  to  203.01  mg/m  /day. 


M 
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Table  8}}  PERIPHYTON  ASH-FREE  DRY  WEIGHT  <mg/m2/day>. 

IOWA  ARMY  AMMUNITION  PLANT,'  BRUSH  AND  SPRING  CREEK. 
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Artificial  Substrates,  low*  Army  Ammunition  Plant , Brush  and  Spring  Creek, 


2 

At  Spring  Creek,  station  SI  showed  a low  value  of  50.64  mg/m  / day  for 
ash-free  dry  weight  (Table  87  and  8b;  Figure  62  ).  A sharp  increase 
was  observed  between  station  SI  and  station  S2. 

g 

Chlorophyll  - 

During  October  1975  the  observed  trend  of  chlorophyll  showed  marked 

shifts  between  the  sampling  stations.  These  variations  were  very  different 

from  the  trend  observed  for  ash-free  dry  weight.  Between  station  Bl 

and  station  B2  a sharp  increase  in  chlorophyll  a occurred  (Table  89  and 

90;  Figure  bb) . Station  Bl  showed  the  lowest  value  of  chlorophyll  a 
2 

(0.167  mg/m  /day).  The  chlorophyll  a value  continued  to  decrease  through 

station  B3,  B4,  B5,  and  B6.  A sharp  increase  occurred  from  station  B6 

to  station  B7  with  a sharper  increase  continuing  between  stations  B7  and 

2 

B8.The  highest  chlorophyll  value  was  seen  at  station  B8  (3.782  mg/m  / 
day). 


I 


! 
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The  Spring  Creek  stations  showed  very  low  chlorophyll  a values  when 

compared  to  the  Brush  Creek  stations  (Table  89  and  90;  Figure  bb), 

2 

Station  SI  had  a low  value  of  0.068  mg/m  /day  for  chlorophyll  a with  an 

2 

increase  occurring  at  station  S2  (1.070  mg/m  /day). 

Autotrophic  Index  - 

The  autotrophic  index  was  caluclated  for  all  sampling  stations  on 
Brush  and  Spring  Creeks  to  determine  what  percentage  of  the  periphyton 
community  was  comprised  of  algal  biomass  (Table  91;.  The  before  acidifi- 
cation:after  acidification  ratio  was  also  calculated  to  show  the  reliability 
of  the  chlorophyll  values  used  in  the  autotrophic  index  (Table  92) . 

Most  sampling  stations  on  Brush  Creek  had  before  acidif ication:af ter  acidifi- 
cation ratios  well  above  1.5  indicating  that  the  chlorophyll  values  used 
for  the  autotrophic  index  were  reliable  and  consisted  of  little 
phaeophytin  (Table  92).  The  lowest  ratio  occurred  at  station  Bl  (1.55). 

Stations  Bl  and  B6  had  autotrophic  index  values  above  100  indicating  that 
a large  amount  of  nonalgal,  i.e.,  heterotrophic,  biomass  was  present 
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BRUSH  AND  SPRING  CREEK.  BURLINGTON.  IOWA.  OCTOBER,  1975 


*NS  = no  sample  - slide  lost 


Table90.  PERIPHYTON  CHLOROPHYLL  a (mg/m2/day).  IOWA  ARMY  AMMUNITION  PLANT, 
BRUSH  AND  SPRING  CREEK  BURLINGTON.  IOWA.  OCTOBER  1975 


*NS  = no  sample  - slide  lost 


(A*p/  ui/Buj) 


FIGURE  63.  periphyton  Chlorophyll  £ (mg/m2/day)  from  Five  Replicate  Artificial  Substrate*. 


Iowa  Army  Ammunition  Plant.  Brush  and  Spring  Creek,  Burlington,  Iowa. 
October  1975 


(Table  91).  Station  B1  showed  a very  high  value  of  1351.36  for  the 
autotrophic  index  because  the  stream  was  intermittent  and  the  sampler 
was  buried  in  mud  at  times.  Values  decreased  between  stations  B2, 

B3  and  B4  with  a small  increase  occurring  at  station  B5.  These  four 
stations,  B2,  B3,  B4  and  B5  remained  under  the  100  level  showing  that 
the  periphyton  community  was  comprised  of  algal,  i.e.,  autotrophic, 
biomass.  From  station  B6,  which  had  a high  value  for  the  autotrophic 
index,  a decrease  occurred  through  stations  B7  and  B8. 

The  before  acidificationraf ter  acidification  ratios  were  high  at  both  Spring 
Creek  stations.  Station  SI  had  a very  high  numerical  value  (741.48) 
for  the  autotrophic  index.  It  then  decreased  sharply  at  station  S2  to 
158.94. 

Discussion  of  Results 


Species  Occurrence  - 

Diatom  dominance  on  artificial  substrates  (October)  - As  seen  in  the 
previous  chemistry  section  there  were  important  shifts  in  certain 
chemical  parameters.  Most  important  of  these,  as  they  relate  to  the 
biological  communities,  were  nutrient,  TNT,  and  chloride  ( and  other  salt) 
concentrations  in  the  aqueous  phase.  The  relative  significance  of  these 
shifts,  as  they  affect  the  biota,  appear  not  to  severely  alter  the  stream 
periphyton  community  within  the  area  studied. 

During  the  October  survey,  diatom  species  diversity  from  artificial 
substrates  decreased  with  distance  downstream.  The  high  species  diversity 
found  at  station  B1  related  to  its  conditions  as  a reference  station, 
i.e.,  there  were  no  industrial  waste  effluents  influencing  this  station 
on  its  upstream  side.  Low  levels  of  nutrients,  chloride  and  TNT  were 
found  in  the  water. 

The  important  trend  in  Brush  Creek  was  the  low  species  diversity  occurring 
at  the  stations  which  received  industrial  wastes,  (i.e.  B2,  B3,  B4,  B5, 

B6) . These  stations  had  higher  chloride,  nutrient  and  TNT  le'-els  present 
in  the  waters. 
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Recovery  appeared  to  occur  at  stations  B7  and  B8  where  species  diversity 
increased.  Once  again  station  B7  had  a high  diversity  with  high 
aqueous  phase  TNT  and  nutrient  levels.  Under  these  conditions  diversity 
is  expected  to  decrease  or  be  somewhat  lower.  This  phenomenon  is 
probably  due  to  the  incomplete  mixing  of  effluent  wastes  in  the  water 
as  was  observed  during  the  May-June  survey.  That  is,  the  samplers  may 
not  have  received  the  full  impact  of  the  wastes. 

An  increase  in  species  diversity  occurred  between  station  SI  and  station 
S2  of  Spring  Creek.  By  this  time  the  construction  activity  upstream  was 
creating  a greater  siltation  problem  at  station  SI  causing  species 
diversity  to  diminish. 


The  truncated  normal  curve,  when  applied  to  the  species  data  at  each 

station,  reflected  the  trend  of  species  diversity.  Stations  Bl,  and  B8  of 

Brush  Creek  and  stations  SI  and  S2  of  Spring  Creek  showed  the  modes  of 

the  curve  to  be  high,  indicating  diverse  periphyton  communities.  The 

remaining  stations  of  Brush  Creek  had  the  height  of  the  modes  much  lower, 

suggesting  lower  diversity  of  periphyton  populations,  somewhat  similar  to 

28 

that  characteristic  of  streams  receiving  organic  pollution"  . 

Species  dominance  did  not  shift  greatly  between  the  stations  of  Brush 
Creek.  One  species,  Surirella  angusta  Kuetz.  var.  angusta  was  dominant 
at  the  six  stations  that  possessed  lower  species  diversity  (B2,  B3, 

B4,  B5,  B6  and  B7).  This  species  often  occurs  in  alkaline  waters 

(alkaliphil) , having  optimum  growth  around  pH  7.5,  but  can  exist  in  waters 

44  44 

with  pH  levels  up  to  9 . This  species  is  also  indifferent  to  chlorides 

The  common  occurrence  of  this  species  in  Brush  Creek  correlates  with 
its  recorded  tolerance  regimes  and  the  water  chemistry  in  which  it  was 
found  ; i.e.,  pH  8.20  - 9.35  and  chloride  concentration  of  109  mg/1  - 
353  mg/1  (Table  5 Chemistry  section.) 
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The  dominant  species  at  station  B1  was  Surirella  ovata  Kuetz.  var.  ovata 
and  at  station  B8  was  Navicula  pseudoatomus  Lund.  var.  pseudoatomus . 
These  two  species  have  recorded  tolerance  regimes ^ very  similar  to 
^ arirella  an gust a Kuetz.  var.  angusta.  At  both  stations,  however, 
chlorides  and  pH  levels  were  much  lower  and  in  part  caused  the  shift  in 
species  dominance  in  Brush  Creek. 


Pinkham  and  Pearson  coefficient  of  association  grouped  the  Brush  Creek 
stations  on  the  basis  of  species  occurrence.  The  six  stations  which 
had  Surirella  angusta  Kuetz.  var.  angusta  as  the  high  dominant,  were  grouped 
most  similar  while  stations  B1  and  B8  were  grouped  separately  due  to 
their  high  mutual  species  similarity. 


Proximal  station  pairs  within  the  Brush  Creek  system  were  very  similar. 
Station  pairs  B2-B3,  B3-B4,  B4-B5,  B5-B6,  were  similar  above  the  60 
percent  level.  These  stations  were  all  affected  by  industrial  wastes, 
either  indirectly  or  directly.  This  observation  indicates  that  change 
is  not  occurring  between  adjacent  stations  due  to  the  industrial  wastes, 
however,  other  trends,  i.e.,  species  diversity  and  shifts  in  species 
dominance,  do  suggest  that  a short  term  effect  is  taking  place. 

Similarity  between  station  pairs,  B1-B2,  B6-B7,  and  B7-B8  were  low. 
Station  B2  received  industrial  wastes  from  effluents  II,  12,  13,  and  14 
resulting  in  its  dissimilarity  (5  percent  similarity)  with  station  Bl, 
the  reference  station  for  Brush  Creek.  The  domestic  sewage  treatment 
plant  effluent  which  emanated  just  above  station  B7  caused  species 
complex  at  this  station  to  be  less  similar  to  station  B6  (35  percent) 
due  to  different  effluent  effects.  Stations  B7  and  B8  were  dissimilar 
(25  percent)  because  of  the  direct  effect  of  the  waste  treatment  plant 
discharge  on  the  periphyton  community  of  station  B7. 


It  can  be  concluded  from  these  observations  that  the  industrial 
effluents  under  study  did  affect  the  periphyton  microcommunity  of  Brush 
Creek  stations  which  received  the  IAAP  industrial  wastes,  however,  this 
was  only  a short  term  effect.  Recovery  was  apparently  occurring  at 
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station  B8  because  of  its  dissimilarity  to  all  other  Brush  Creek 
stations,  its  high  diversity,  and  its  different  species  composition. 

Dominant  species  at  stations  SI  and  S2  of  Spring  Creek  were  Achnanthes 
lanceolata  (Breb.)  Grun.  var.  lanceolata  and  Nitzschia  amphibia  Grun. 
var.  amphibia,  respectively.  Both  species  are  alkaliphils,  found  most 

frequently  in  water  with  pH  levels  of  7 - 9 and  are  indifferent  to 

44 

chlorides  . These  two  stations  had  lower  pH  levels  (7.8)  and  lower 
chloride  levels  (90.8  mg/1  - 40.9  mg/1,  respectively)  than  the  Brush 
Creek  stations.  Other  occurring  species  did  not  represent  more  than  12 
percent  of  the  population. 

Species  dominance  on  natural  substrates  (October)  - The  biota  collected 
from  natural  substrates  were  heavily  influenced  by  the  sediment  chemistry 
in  addition  to  the  aqueous  phase  chemistry,  since  they  were  in  contact 
with  these  bottom  sediments.  Most  important  ot  the  sediment  chemical 
parameters  are  total  solids,  total  volatile  solids,  COD,  TNT,  nutrients 
and  metals. 

It  was  shown  that  combined  species  diversity  from  natural  substrates  was 
very  similar  to  the  trend  seen  on  artificial  substrates.  Diversity  on 
natural  substrates  was  high  at  station  B1  (reference  station)  where 
nutrient  and  aqueous  TNT  levels  were  low.  Diatom  diversity  decreased  in 
value  between  stations  B2  and  B7.  Slight  increases  did  occur  at  stations 
B3  and  B6,  however  they  were  still  lower  than  at  station  Bl.  The  increase 
in  diversity  at  these  two  stations  suggests  that  recovery  is  occurring 
in  the  periphyton  community  in  these  regions,  because  both  stations  are 
not  directly  below  an  industrial  waste  effluent.  Aqueous  phase  TNT 
and  TNT  levels  in  the  sediments  were  very  high  at  these  stations  (B2  - 
B7)  except  stations  B3  and  B6  where  diversity  increased.  An  increase 
in  combined  diatom  species  diversity  at  station  B8  indicates  recovery 
was  occurring. 

The  Spring  Creek  stations  showed  a reverse  trend  in  diversity  between 
natural  substrates  (decrease  from  SI  and  S2)  and  artificial  substrates. 
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Aqueous  TNT  was  not  detectable  at  either  SI  or  S2,  however  there  was 

measurable  TNT  in  the  sediments  at  S2.  This  observed  trend  appears 

to  be  associated  with  siltation  and  concentration  of  TNT  in  the  sediments. 

Diatom  species  diversity  for  samples  collected  from  the  sediment  only 
showed  an  adverse  effect  associated  with  the  TNT  found  in  the  sediments. 

The  diversity  values  for  stations  B1  and  B8  (reference  and  recovery  station, 
respectively)  were  over  2.8,  indicating  that  each  microhabitat  was  very 
diverse.  The  remaining  Brush  Creek  stations  had  lower  species  diversity 
values  ranging  from  0.65  to  1.79.  Station  B3  which  exhibited  low 
aqueous  and  sediment  TNT  levels,  showed  a slightly  higher  diversity  of  2.2. 
It  can  be  concluded  that  the  sediments  or  sediment  surfaces  of  Brush  Creek 
supported  different  diatom  associations  during  October  than  during  May- 
June.  This  change  in  species  association  and  diversity  during  the  fall 
survey  was  also  associated  with  higher  measured  levels  of  sediment  TNT. 

These  species  variations  may  inpart  be  seasonal,  however  the  association 
with  TNT,  although  not  conclusive,  cannot  be  overlooked. 
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Species  occurrence  and  dominance  on  natural  substrates  were  similar  to 
that  occurring  on  the  artificial  substrates.  The  only  variation  in 
species  dominance  between  artificial  and  natural  substrates  occurred  at 
stations  B1  and  B8  of  Brush  Creek  and  stations  SI  and  S2  of  Spring  Creek. 
Station  B1  and  S2  both  had  Surirella  ovalis  Breb.  var.  ovalis  as  the 
dominant  diatom  species  on  natural  substrates.  This  species  is  alkali- 
philous,  occurring  in  a pH  range  of  6.5  to  8.5  and  indifferent  to  chlorides. 
As  mentioned  in  the  previous  discussion  section  on  species  occurrence  on 
artificial  substrates,  chloride  levels  and  pH  at  these  stations  were 
relatively  low  compared  to  other  stations.  The  dominant  species  on 
natural  substrates  at  station  38  was  Surirella  angusta  Kuetz.  var. 
angusta.  This  species'  autecology  was  discussed  in  the  previous  discussion 
section  on  artificial  substrates.  Nitzschia  amphibia  was  dominant  at 
station  SI.  This  species  autecology  is  also  discussed  in  the  previous 
discussion  section  on  artificial  substrates.  At  all  four  of  these 
stations,  pH  levels,  TNT  (aqueous  and  sediment)  levels  and  nutrient 
levels  were  lower  than  the  other  stations,  probably  allowing  for  the 
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species  dominance  to  differ  between  natural  and  artificial  substrates  at 
these  four  stations.  In  contrast,  the  remaining  seven  stations  had  their 
dominant  species  the  same  for  both  substrate  types. 


The  application  of  the  Pinkham  and  Pearson  coefficient  of  similarity  showed 
all  of  the  proximal  stations  of  Brush  Creek  to  be  similar  above  55  percent. 
However,  stations  B1  and  B8  were  less  similar  to  stations  B2  and  B7, 
respectively,  indicating  that  there  was  an  effect  upon  the  periphyton 
community  within  the  stream  at  the  stations  where  industrial  effluents 
enter.  This  trend  is  very  similar  to  that  seen  on  the  artificial 
substrates.  It  can  be  concluded  from  these  observations  that  an  affect 
on  the  periphyton  communities  occurred  in  Brush  Creek  due  to  the  industrial 
effluents.  However,  it  was  shown  that  these  affects  were  short  termed 
and  there  was  recovery  occurring  within  the  study  areas. 


Ash-Free  Dry  Weight  - 

The  trend  of  ash-free  dry  weight  in  Brush  Creek  was  similar  to  the  species 
diversity  trend  on  artificial  substrates  (refer  to  Biology  results). 

The  trend  appeared  to  correspond  to  TNT  concentrations  found  in  the 
sediments  and  water.  Increases  and  decreases  that  occurred  between  the 
stations  were  significant  when  the  analysis  of  variance  test  was  applied 
(Table  93  ).  The  change  in  ash-free  dry  weight  between  stations  SI  and 
S2  of  Spring  Creek  also  followed  TNT  levels  in  the  sediments  and  is 
significant  (Table  93). 

Chlorophyll  - 

Periphyton  trends  derived  from  chlorophyll  a data  showed  a pattern  very 
different  from  ash-free  dry  weight  and  species  diversity.  Changes 
that  occurred  between  stations  were  of  a larger  magnitude  than  the 
changes  in  ash-free  dry  weight.  These  changes  were  shown  to  be  signifi- 
cant by  the  analysis  of  variance  (Table  94  ) . 
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Table  93.  ANALYSIS  OF  VARIANCE  FOR  ASH-FREE  DRY  WEIGHT. 

IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEK. 
BURLINGTON,  IOWA.  OCTOBER, 197 5. 


a.  Brush  Creek 


Source 

df 

SS 

MS 

F_ 

Total 

35 

205701.90 

Treat (between) 

7 

132551.36 

18935.91 

7.25* 

Error  (within) 

28 

73150.54 

2612.52 

F (.95)  - 

* 

2.35  significant 

difference 

b. 

Spring  Creek 

Source 

df 

SS 

MS 

F 

Total 

7 

41999.26 

Treat  (between) 

2 

36324.70 

18162.35 

16.00* 

Error  (within) 

5 

5674.56 

1134.91 

* 

F (.95)  = 6.61  significant  difference 


1 

Table  94. 

ANALYSIS  OF 

VARIANCE  FOR  CHLOROPHYLL  a 

i 

IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING 

CREEK. 

BURLINGTON, 

IOWA.  OCTOBER, 1975 

• 

a* 

Brush  Creek 

Source 

df 

SS 

MS 

F 

Total 

36 

40.21 

Treat  (between) 

7 

30.29 

4.33 

12.65* 

Error  (within) 

29 

9.94 

0.34 

h ; 

F (.95)  = 

* 

2.35  significant 

difference 

[1 

*■ ; 

b. 

Spring  Creek 

» *i  r 

Source 

df 

SS 

MS 

F 

( , .. 
i 

Total 

7 

2.72 

Treat  (between) 

1 

1.87 

1.87 

13.28* 

Error  (within) 

6 

0.85 

0.14 

* 

F (.95)  = 5.99  significant  difference 


2 

Note:  based  on  mg/m  /day 
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Autotrophic  Index  - 

The  autotrophic  index  was  also  used  to  compare  the  periphyton  associa- 
tions in  the  two  stream  systems  under  study.  This  index  was  calculated 

from  data  obtained  from  the  artificial  substrates.  Using  the  value  of 

36  29 

100  described  by  Weber  * as  the  level  of  significance  between  auto- 
trophic and  heterotrophic , most  stations  of  Brush  Creek  showed  indications 
of  an  autotrophic  community,  while  the  two  Spring  Creek  stations  were 
heterotrophic. 


The  degree  of  chlorophyll  a^  variations  were  much  greater  than  that  seen 
in  ash-free  dry  weight,  thus  causing  the  autotrophic  index  values  to  fall 
below  the  value  of  100.  At  stations  B1  and  B6,  chlorophyll  concentrations 
were  very  low, while  ash-free  dry  weight  levels  were  high.  This  indicates 
that  the  population  is  composed  of  some  heterotrophic  organisms  i.e., 
fungi,  bacteria,  and  protozoa,  or  that  organic  detrital  material  is 
present,  therefore  resulting  in  a high  value  of  the  autotrophic  index 
at  these  two  stations. 
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Total  volatile  solids,  total  solids,  and  chemical  oxygen  demand  did 
not  fluctuate  greatly  between  stations  indicating  that  the  presence 
of  organic  detrital  material  was  probably  not  significant  at  any  of  the 
stations.  This  indicates  that  if  non-viable  organic  material  affected 
the  periphyton  mass  measurement,  it  was  somewhat  equal  at  all  stations 
therefore  being  insignificant.  TNT  in  the  water  and  sediments  did 
seem  to  be  an  inhibitory  factor  to  the  organic  fraction  (ash-free 
dry  weight)  of  the  periphyton.  TNT  levels  were  not  high  at  stations  B1 
and  B6  which  may  have  allowed  the  heterotrophic  population  to  prosper 
thus  increasing  the  ash-free  dry  weight  causing  the  autotrophic  index 
to  be  high  (above  100).  At  those  stations  having  higher  levels  of  TNT 
there  was  a corresponding  decrease  in  ash-free  dry  weight,  dispropor- 
tionate to  changes  in  measured  chlorophyll  ji  levels.  If  the  periphyton 
mass  was  100  percent  viable,  or  equally  viable  at  all  stations,  this 
decrease  in  ash-free  dry  weight  suggest  the  loss  or  inhibition  of 
heterotrophic  species.  TNT  and  associated  munitions  wastes  may  be 
somewhat  inhibitory  to  the  heterotrophic  fraction  of  periphyton  micro- 
communities. 
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Station  SI  and  S2  showed  values  over  100  for  the  autotrophic  index. 
Siltation  problems  and  proportionately  higher  ash-free  dry  weight  values 
compared  to  chlorophyll  a_  values  indicated  the  composition  of  the 
community  in  Spring  Creek  was  not  autotrophic. 

Observed  trends  during  the  October  sampling  period  indicated  that  tie 
periphyton  communities  were  affected  by  the  industrial  waste  effluents, 
however  recovery  was  occurring  rapidly  within  the  study  are  (station  B8) . 
This  was  the  same  trend  as  observed  during  the  Spring. 

The  conclusions  which  can  be  drawn  from  these  two  surveys  are: 


1)  Species  diversity  trends  from  both  substrate  types  indicated 
minor  shifts  between  stations,  however  any  effect  appears  to 
be  of  only  a short  term  duration.  Recovery  of  the  periphyton 
community  was  observed  at  different  locations  in  the  stream 
during  both  surveys,  but  it  was  always  seen  at  station  B8 

in  relation  to  station  Bl.  This  was  also  observed  from  the 
survey  in  1974*. 

2)  Observed  fluctuations  in  the  diversity  of  diatoms  appeared 
to  correspond  with  industrial  outfalls. 

3)  The  periphyton  community  occurring  on  the  sediments  appeared 
to  be  affected  more(i.e.,  diversity)  in  the  fall  than  in  the 
spring,  probably  as  a result  of  higher  sediment  TNT  levels. 

4)  Species  dominance  and  occurrence  was  very  different  during 
both  surveys  indicating  seasonal  changes.  However,  differences 
were  not  great  between  substrates. 

5)  Ash-free  dry  weight,  chlorophyll  £ and  autotrophic  index  trends 
were  different  between  surveys.  A heterotrophic  population 
was  more  characteristic  of  May-June,  while  in  October  the 
population  was  more  autotrophic. 


293 


6)  Possible  affects  on  the  heterotrophic  species,  in  terms  of 

ash-free  dry  weight,  were  observed  in  Brush  Creek  during  the 
fall  survey  only.  There  is  an  indication  that  some  inhibitory 
factor(s)  (i.e.,  TNT)  is  causing  this  trend.  This  also 
occurred  in  1974  ^ . 

BENTHIC  MACROINVERTEBRATES 

Analytical  Procedures 

Preserved/stained  samples  were  returned  to  the  laboratory  where  they  were 
again  screened  and  washed  in  a fine  mesh  sieve  (No.  40,  U.S.  Standard 
sieve).  These  samples  were  then  picked  and  sorted  in  white  enamel 
trays.  A binocular  dissecting  microscope  was  used  to  identify  all 
specimens  and  to  sort  specimens  of  the  family  Chironomidae  into  generic 
groups  and  subgroups.  Head  capsule  slide  mounts  of  the  Chironomidae 
were  made  and  specimens  were  identified  to  the  generic  level  using  a 
compound  microscope  100  X and  400  X magnification. 


Identifications  were  in  accordance  with  the  taxonomic  keys  listed  in 
Appendix  XV.  Samples  collected  from  the  natural  substrates  and 
artificial  substrates  were  processed  and  analyzed  in  a similar  manner. 
All  samples  had  been  collected  using  quantitative  techniques  and  data 
is  expressed  as  numbers  of  individuals  per  square  meter.  The  following 
conversion  factors  were  applied  to  the  species  enumeration  data: 


Hester-Dendy  multiplate  sampler  - 9.8 
Petite  ponar  collections  - 43.05 
Surber  square  foot  collections  - 10.76 


A species  list  detailing  distribution  was  prepared  and  is  included  as  Appendices 

XVI-XIX.  Data  was  expressed  as  number  of  individuals  per  square 

meter. 


Species  diversity  and  evenness  were  determined  for  all  replicate  samples 
and  plotted  against  station  location.  Mean  species  diversity  and 
standard  deviation  of  the  replicate  samples  was  calculated  for  trend 
analysis.  Coefficient  of  similarity  was  used  to  compare  replicate 
natural  and  replicate  artificial  substrate  samples.  Species  data  from 
replicate  samples  at  each  station  were  combined  and  compared  to  all 
other  stations  using  the  coefficient  of  similarity.  Comparisons  were 
also  drawn  between  species  occurrence  from  natural  substrates  and  from 
artificial  substrates  at  each  station. 


For  the  comparison  of  replicate  and  station  similarity  of  benthic 

macroinvertebrate  species  data  from  artificial  substrates,  formula  "B" 

of  the  Pinkham  and  Pearson  Coefficient  of  Association  was  utilized. 

34,35 

Mutual  absence  of  species,  i.e.,  0/0  matches  were  scored  as  one 
This  formula  is  used  for  samples  collected  from  the  same  technique  and 
when  there  are  differences  in  density  values  between  samples. 


Species  data  taken  from  natural  substrates  were  compared  using  the  "B" 

formula  and  0/0  matches  scored  as  one.  This  formula  is  used  when 

34.35 

sampling  methods  between  samples  are  not  the  same 


Results 


Species  Occurrence  on  Artificial  Substrates  (May-June)  - 
The  trend  of  benthic  macroinvertebrate  species  diversity  on  artificial 
substrates  (Hester-Dendy  plates)  for  Brush  and  Spring  Creeks  showed  an 
irregular  pattern.  Replication  of  the  five  samples  collected  at  each 
station  was  sometimes  variable.  Table  ^ and  96  and  Figure  o4  show  the 
values  of  species  diversity  and  evenness  calculated  for  each  sample 
replicate,  as  well  as  the  mean  and  standard  deviation  of  the  replicates 
for  each  station.  Of  the  five  replicates,  usually  one  and  sometimes 
two  were  different  from  the  remaining  replicates  at  each  station. 

This  is  indicated  by  some  values  occurring  outside  the  limits  of  the 
standard  deviation.  The  degree  of  replication  is  further  verified 


Table  95  SHANNON-WEAVER  SPECIES  DIVERSITY  FOR  BENTHIC  MACROINVERTEBRATES 
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Table  96 . SHANNON  WEAVER  EVENNESS  FOR  BENTHIC  MACROINVERTEBRATES 

COLLECTED  FROM  FIVE  REPLICATE  ARTIFICIAL  SUBSTRATES.  HESTER-DENDY  PLATES. 
IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEK,  BURLINGTON,  IOWA. 
MAY -JUNE  1975 


Shannon- Weaver  Species  Diversity  and  Evonnes 


FIGURE  64.  Shannon-Weaver  Species  Diversity  and  Evenness  ol  Benthic 
Macroinvertebrates  Collected  from  Five  Replicate  Artificial 


Substrates-Hester  Dendy  Plates.  Iowa  Army  Ammunition 


Plant.  Brush  and  Spring  Creek.  Burlington.  Iowa. 


through  the  use  of  the  Pinkham  and  Pearson  coefficient  of  association. 

Using  this  means  of  analysis  the  following  were  noted: 

1)  At  station  Bl,  the  Hester-Dendy  plates  were  not  analyzed  for 
species  occurrence.  This  resulted  from  flow  at  this  station 
being  intermittent  and  the  plates  were  never  completely  sub- 
merged; therefore  station  Bl  is  not  considered. 

2)  At  station  B2  there  were  four  replicate  samples  which  were 
similar  above  the  50  percent  level  (Figure  65),  while  the 
fifth  replicate  was  similar  to  the  other  four  below  40 
percent.  The  mean  species  diversity  at  this  station  remains 
at  0.63  (Table  ^5)  even  when  the  fifth  (i.e.  most  different) 
replicate  is  ignored. 

3)  Replication  of  samples  at  station  B3  was  variable.  No  two 
replicates  were  similar  above  60  percent  (Figure  66),  however 
the  five  replicates  together  were  similar  at  the  40  percent 
level.  Mean  species  diversity  calculated  for  all  five  replicates 
at  this  station  was  1.10  and  did  not  change  even  when  the  two 
most  different  replicates  were  omitted. 

4)  The  five  replicate  samples  at  station  B4  were  similar  at  the 
35  percent  level  (Figure  07).  Two  replicates  were  similar  at 
65  percent  while  two  other  replicates  were  similar  at  45 
percent.  The  mean  species  diversity  (1.67)  is  representative 

of  this  station  because  it  remains  constant  when  the  most  different 
of  the  five  samples  is  ignored. 

5)  At  station  B5  the  five  replicates  collected  were  similar  above 
the  40  percent  level  (Figure  b8).  When  ignoring  the  most 
different  replicate  the  mean  species  diversity  decreases  from 
1.59  to  1.43. 

6)  The  three  replicate  samples  at  station  B6  (only  three  replicates 
due  to  the  fourth  and  fifth  being  lost)  were  similar  at  the 

30  percent  level  (Figure  69).  Two  of  the  three  replicates 
were  similar  at  40  percent.  Mean  species  diversity  (2.16) 
did  change  to  2.03  when  the  least  similar  replicate  was 
eliminated. 


299 


r 


~~TT^  - ~ ■■  ■ - - 


REPLICATE  2 
REPLICATE  3 
REPLICATE  5 


LO 

r- 


LlJ 


2 

■> 

ZD 

2 

~i 

1 

o 

) — t 

>- 

(— 

CC 

cc 

2: 

o 

o 

• 

CO 

CO 

CO 

CL- 

cc 

UJ 

CC 

Lu 

a 

ao 

(— 

ZD 

2 

CO 

UJ 

•— 1 

• 

C_) 

H- 

1— * 

az 

Lu 

2 

Lu 

UJ 

2 

o 

O 

C_J 

CO 

t— t 

2 

az 

o 

cc 

CO 

2 

cc 

1 — 

2 

cc 

UJ 

2 

O 

UJ 

2 

2 

C_) 

a_ 

O 

l— 

CO 

az 

o 

_J 

o 

o 

2 

2 

2 

2 

CC 

2 

2 

t— 

a 

*— » 

2 

2 

Lul 

2 

UJ 

CC 

2 

az 

2 

CO 

ic’ 

LU 

LU 

2 

2 

2 

ru 

CC 

►— « 

C_J 

*— « 

CC 

2 

t— 

CO 

• — * 

2 

1 

CD 

2 

2 

=T 

2 

2 

00 

»— i 

O 

O 

• 

CO 

1 

CC 

vO 

2 

O 

2 

o 

CO 

cu 

•— i 

u 

h— 

3 

CO 

CC 

•H 

f— 

u, 

CO 

— > 3*  c\j  in  n 

UJ  LU  UJ  UJ  UJ 


a:  a:  a:  cc  cc 
c_)  o u (_)  C_> 


i i — i — i 

a_a-Q_o_a_ 
UJ  UJ  UJ  lU  UJ 

cc  a:  cc  a:  cc 


302 


» 


o 

t— 1 

h- 

x 

►— i 

o 

o 

CO 

co 

H-s* 

x 

z • 

UJ 

u_ 

o 

o 

»— « 
u_ 

UJ 

*— 

Om 

2 

CJ  • 

LU 

>- 

>— i 

*— 

CJ 

tn 

•— i 

a: 

Ll. 

*— ■»  ^ 

X 

z:  • 

LU 

<n 

O 

CJ 

2 

r* 

O 

CO 

x 

1— 

cr 

LU 

X 

LU 

X 

X 

X 

o 

1 — 

00 

X 

a 

_J 

a 

2 

cr 

X 

CC 

ID 

X 

' 

<3 

•— 1 

x 

LU 

X 

Oi 

cc 

X 

X 

CO 

LU 

LU 

X 

X 

ru 

»— « 

CJ 

•— i 

o 

X 

h- 

CO 

X 

CD 

X 

X 

X 

X 

»— i 

o 

CD 

CO 

1 

X 

CD 

o 

CD 

oj  a1  ->  oo  to 

UJ  UJ  UJ  IlJ  UJ 

ce  cr  cr  cc  a: 


Q-O.Q.Q-Q- 
UJ  UJ  UJ  UJ  UJ 

cc  ac  cc  cc  cc 


■ 

f 


K 


1 


» 


— 


7)  At  station  B7  again  only  three  samples  were  retrieved,  with 

two  replicates  being  similar  at  the  40  percent  level  (Figure  70) . 
All  replicates  together  were  similar  at  25  percent.  The  mean 
species  diversity  at  this  station  decreased  from  1.74  to  1.53 
when  eliminating  the  least  similar  replicate. 

8)  Replication  of  benthic  macroinvertebrate  species  associations 

at  station  B8  (Figure  71)  was  similar  above  the  45  percent  level. 
The  differences  between  the  replicates  did  not  change  the  mean 
species  diversity  (1.89). 

9)  Station  SI  of  Spring  Creek  showed  three  replicates  out  of  the 
five  samples  retrieved  to  be  similar  (65  percent)  (Figure  72). 

The  two  remaining  samples  were  only  similar  at  45  and  38  percent. 
Ignoring  the  two  most  different  replicates,  the  mean  species 
diversity  decreased-  from  0.70  to  0.39  which  is  probably  more 
representative  of  the  benthic  macroinvertebrate  community  at 
this  station. 

10)  At  station  S2  the  benthic  macroinvertebrate  species  distribution 
of  the  five  replicates  was  similar  above  the  40  percent  level 
(Figure  73)  with  two  replicates  being  similar  above  50  percent 
and  two  others  being  similar  above  55  percent.  Calculating  the 
mean  species  diversity  for  the  four  replicates  as  mentioned 
above,  the  value  remains  near  1.94,  as  when  calculated  using 
all  five  replicate  samples. 
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The  application  of  species  diversity  and  coefficient  of  similarity  to 
the  replicate  samples  at  every  station,  particularly  the  coefficient 
of  similarity,  indicates  whether  or  not  a sufficient  sample  has  been 
taken  to  adequately  describe  the  existing  community.  It  was  shown  that 
most  often  one  or  two  of  the  five  replicate  samples  was  quite  different 
from  the  remaining  samples  and  the  presence  or  absence  of  its  species 
data  had  little  effect  on  the  estimation  of  benthic  macroinvertebrate 
community  structure,  i.e.,  species  diversity.  Thus,  the  inclusion  of 
all  replicate  samples  on  a combined  basis  at  each  station  provided  a 
broader  species  complex  from  which  station-to-station  comparisons 
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were  made.  This  approach  included  the  occurrence  of  many  rare  and  uncommon 
species  but  did  not  significantly  alter  the  calculated  mean  species 
diversity  at  the  respective  stations. 

The  mean  species  diversity  of  benthic  macroinvertebrates  collected  from 
artificial  substrates  increased  sharply  from  station  B2  to  station  B4. 
Station  B5  diversity  decreased  only  slightly  from  that  of  station  B4, 
with  a sharp  increase  then  occurring  at  station  B6.  (Table  95; Figure  64). 
Species  diversity  then  decreased  at  station  B7  with  a slight  increase  at 
station  B8.  Species  evenness  (Table  96;  Figure  64)  showed  a parallel 
trend  with  species  diversity,  but  decreases  and  increases  were  more 
gradual. 

Species  diversity  differed  considerably  between  the  two  Spring  Creek 
stations. A large  increase  in  diversity  occured  between  station  SI  (0.70) 
and  station  S2  (1.94)  (Table  95;  Figure  64).  Species  evenness  paralleled 
species  diversity  (Table  96;  Figure  64). 


h 


Species  data  from  replicate  samples  were  combined  and  compared  between 
stations  using  the  coefficient  of  similarity.  The  application  of  the 
Pinkham  and  Pearson  coefficient  of  association  resulted  in  these  stations 
being  grouped  similar:  B3  and  B7  (59  percent);  B4,S1  and  S2  (62  percent); 

and  B6  and  B8  (54  percent)  (Table  97;  Figure  74).  Stations  B5  and  B2 
were  least  similar  to  any  of  these  station  groups. 

Station  groups  B3,  B7  and  B4,  SI,  S2  were  similar  at  58  percent.  Station 
B5  by  itself  was  similar  to  this  group  at  50  percent. 

Stations  B6  and  B8,  (similar  at  54  percent)  were  similar  to  the  previous 
six  stations  mentioned  at  a level  above  45  percent.  Station  B2  was 
the  least  similar  to  all  the  stations  at  about  42  percent. 
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Table  97.  COEFFICIENT  OF  ASSOCIATION  COMPARING  BENTHIC  MACROINVERTEBRATE 
SPECIES  ASSOCIATIONS  BASED  ON  COMBINED  ARTIFICIAL  SUBSTRATE 
(HESTER-DENDY  PLATES)  REPLICATES  AT  EACH  STATION,  IOWA  ARMY 
AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEKS.  BURLINGTON,  IOWA. 
MAY-JUNE,  1975. 
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STATION  86 
STATION  B8 


Percent  dominance  of  the  benthic  macro invertebrate  species  occurring  on 
artificial  substrates  was  calculated  from  the  species  list  in  Appendix 
XVI  . During  May-June  1975,  there  was  one  taxon  at  station  B2  that 
comprised  87  percent  of  the  benthic  macroinvertebrate  community.  This 
taxon  was  the  chironomid,  Cricotopus  sp.  The  remaining  13  percent  of  the 
population  was  comprised  of  29  taxa. 

At  station  B3,  Cricotopus  sp.  remained  dominant  but  comprised  only  56 
percent  of  the  population.  The  co-dominant  was  the  isopod,  Asellus  sp. 

(26  percent).  Thus,  these  two  taxa  together  comprised  82  percent  of  the 
total  macroinvertebrate  dominance  at  this  station. 

t 

Three  taxa  present  at  station  B4  comprised  71  percent  of  the  total  community 
structure.  Asellus  sp.  increased  two  percent  from  station  B3  to  28 
percent  and  became  the  dominant.  Cricotopus  sp.  occurred  at  24  percent 
with  the  mayfly  Heptagenia  diabasia  establishing  itself  at  19  percent. 

Cricotopus  sp.  (48  percent)  was  the  most  abundatn  taxon  of  three  which 
comprised  69  percent  of  the  benthic  macroinvertebrate  community  at  station 
B5.  The  other  two  taxa,  also  chironomids,  Pentaneura  sp.(ll  percent) 
and  Polypedilum  sp . (10  percent). 

At  station  B6,  three  taxa  comprised  61  percent  of  the  population  with 
Cricotopus  sp.  decreasing  in  frequency  to  a low  of  one  percent.  Species 
occurring  in  decreasing  order  were  Agraylea  multipunctata  (31  percent), 
Asellus  sp.  (20  percent)  and  Physa  integra  (10  percent). 

Station  B7  also  had  three  species  together  comprising  71  percent  of  the 
total  macroinvertebrate  population.  Agraylea  multipunctata  remained 
dominant  increasing  to  44  percent.  Cricotopus  sp.  and  Physa  integra 
were  present  at  18  percent  and  nine  percent,  respectively. 

Agraylea  multipunctata decreased  from  44  percent  at  station  E7  to  36 
percent  at  station  B8.  Polypedilum  sp.  and  Pentaneura  sp.  were  both 
present  at  19  percent.  Therefore,  three  taxa  comprised  82  precent  of 
the  macroinvertebrate  community  at  station  B8. 


Spring  Creek  species  dominance  was  different  from  the  Brush  Creek  stations. 
Station  SI  had  one  taxon,  Asellus  sp.,  which  comprised  90  percent  of  the 
benthic  macro invertebrate  association. 

At  station  S2,  three  benthic  macroinvertebrate  taxa  comprised  61  percent 
of  the  total  population.  Thirty  percent  was  represented  by  Cladotany tarsus 
so.,  a chironomid.  The  remaining  two  taxa  were  Asellus  sp.  (16  percent) 
and  Dicrotendipes  sp. (15  percent). 

Differences  in  the  benthic  macroinvertebrate  community  structure  and 
similarity  which  occurred  between  the  sampling  stations  were  the  result 
of  the  occurrence,  loss,  and  recurrence  of  uncommon  and  rare  macroinvertebrates. 
To  summarize  Appendix  XVI  , stations  B2  and  B3  both  had  30  taxa,  with 
station  B4  having  only  24  taxa.  Thirty-three  and  34  taxa  were  found  at 
stations  B5  and  B6,  respectively.  Station  B7  had  26  taxa  and  station 
B8  had  37  taxa.  Stations  SI  and  S2  of  Spring  Creek  had  23  and  22  taxa, 
respectively. 

Species  Occurrence  on  Natural  Substrates  (May-June)  - 

Samples  collected  from  natural  substrates  included  samples  taken  with  a 
petite  ponar  and  surber  square  foot  sampler.  Species  data  from  these 
two  sample  types  were  analyzed  for  diversity,  evenness,  species  association 
and  species  dominance. 

Ponar  samples  - Two  replicate  ponar  samples  were  taken  at  each  sampling 
station,  except  stations  B1  and  B2  of  Brush  Creek  where  five  replicates 
were  taken.  More  than  two  replicates  were  taken  at  these  two  stations 
because  a well-developed  riffle  was  not  present  within  the  sampling  area 
for  collection  with  the  surber  square  foot  sampler. 

Mean  species  diversity  of  the  two  or  five  replicate  samples  at  each 
station  showed  an  irregular  pattern.  Table  98  and  99  and  Figure  75 
show  the  values  of  species  diversity  and  evenness  calculated  for  each 
sample  replicate,  as  well  as  the  mean  and  standard  deviation  of  the 
replicates  for  each  station.  Replication  of  the  two  or  five  samples 
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for  each  station  was  sometimes  variable.  The  degree  of  replication  is 
further  verified  through  the  use  of  the  Pinkham  and  Pearson  coefficient 
of  association.  Using  this  means  of  analysis  the  following  were  noted: 

1)  Of  the  five  ponar  replicates  collected  at  station  Bl,  one  was 
most  different  (Figure  76) . Four  replicates  were  similar  above 
50  percent,  however  when  the  fifth  (i.e.,  most  different) 
replicate  was  ignored,  mean  species  diversity  did  not  change 
(1.79). 

2)  Replication  of  the  five  samples  collected  at  station  B2  was 
similar  to  station  Bl.  Four  replicates  were  similar  at  50 
percent  while  one  was  similar  only  at  39  percent  (Figure  77). 
Ignoring  this  most  different  replicate  did  not  change  the  mean 
species  diversity  (1.52). 

3)  The  remaining  stations  of  Brush  Creek  and  Spring  Creek  each 
had  collections  of  two  replicate  ponar  samples.  Mean  species 
diversity  at  these  stations  can  be  found  in  Table  98  and 
similarity  values  for  the  two  replicates  can  be  found  in 
Table  100.  Note  that  replication  of  only  two  replicates  is 
very  low. 

Table  100.  COEFFICIENT  OF  ASSOCIATION  COMPARING  BENTHIC  MACROINVERTEBRATE 
SPECIES  ASSOCIATION  BASED  ON  TWO  REPLICATE  PONAR  SAMPLES, 

IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEKS.  MAY- JUNE,  1975 

Stations  Ponar  Replicates 


Bl 

B2 

B3 

0. 198 

B4 

0.262 

B5 

0.314 

B6 

0.110 

B7 

0.115 

B8 

0.116 

SI 

0.093 

S2 

0.156 
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The  application  of  species  diversity  and  coefficient  of  similarity  to  the 
replicate  samples  at  each  station,  particularly  the  coefficient  of  similarity, 
indicates  whether  or  not  a sufficient  sample  has  been  taken  to  adequately 
describe  the  existing  community.  This  approach  included  the  occurrence  of 
many  rare  and  uncommon  species  but  did  not  alter  the  calculated  mean  species 
diversity  at  the  representative  stations. 

Mean  species  diversity  of  benthic  macroinvertebrates  collected  by  ponar 
grabs  sharply  decreased  from  station  B1  (1.79)  to  station  B4  (0.90) 

(Table  98;  Figure  75).  An  increase  occurred  at  station  B5  (1.35)  and 
decreased  to  the  lowest  value  of  diversity  (0.62)  recorded  for  Brush 
Creek  at  station  B6.  Station  B7  (1.59)  showed  a two-fold  increase  with 
station  B8  dropping  to  a diversity  of  1.11.  Species  evenness  (Table  99; 

Figure  75)  showed  a parallel  trend  with  species  diversity. 


Species  diversity  differed  between  the  two  Spring  Creek  stations.  An 
increase  of  0.85  occurred  between  station  SI  (1.14)  and  station  S2  (1.99). 
Species  evenness  paralleled  species  diversity. 

Species  data  from  ponar  replicate  samples  were  combined  and  compared 
between  stations  using  the  coefficient  of  similarity.  The  application  of 
the  Pinkham  and  Pearson  coefficient  of  association  resulted  in  seven 
stations  (B5,  B6,  S2,  B3,  b4,  B8  and  B7)  being  grouped  due  to  the 
relatively  high  species  similarity  between  them.  (Table  101;  Figure  78). 
Stations  B2  of  Brush  Creek  and  SI  of  Spring  Creek  were  similar  at  59 
percent.  These  two  groups  of  stations  (B5,  B6,  S2,  B3,  B4,  B8,  B7  vs. 

B2,  SI)  were  similar  at  51  percent.  Station  B1  of  Brush  Creek  was  the 
least  similar  to  all  stations  (40  percent) . 

Percent  dominance  of  macroinvertebrate  species  occurrence  was  calculated 
from  the  species  list  in  Appendix  XVII. At  station  Bl,  three  species 
comprised  70  percent  of  the  macroinvertebrate  community.  The  Tubificidae 
were  dominant  at  38  percent  while  the  co-dominant  was  Palpomvia  tib ialis 
(19  percent).  Asellus  sp.  also  occurred  at  this  station  (13  percent). 
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There  were  three  taxa  which  comprised  76  percent  of  the  benthic  association 
at  station  B2.  These  were  Cricotopus  sp.  (36  percent),  Stictochironomus  sp. 
(32  percent)  and  Palpomyia  tibialis  (8  percent). 

Two  taxa  present  at  station  B3  comprised  82  percent  of  the  total  population. 
They  were  also  found  dominant  at  station  B2.  Both  species  were  chironomids, 
Stictochironomus  sp.  (76  percent)  and  Palpomyia  tibialis  (6  percent). 

The  same  two  taxa  from  station  B3  were  dominant  at  station  B4.  They  both 
increased  in  percent  occurrence.  Strictochironomus  sp.  increased  from  76 
percent  to  80  percent  and  Palpomyia  tibialis,  increased  from  six  percent 
to  eight  percent.  Together,  these  two  species  comprised  88  percent  of  the 
benthic  macroinvertebrate  community  at  station  B4. 

A new  dominant  taxon,  Cryptochironomus  sp.  2 (62  percent)  appeared  at 
Station  B5.  Two  other  taxa,  Stictochironomus  sp.  (10  percent)  and 
Cricotopus  sp.  (five  percent)  together  comprised  15  percent  of  the  benthos 
population  at  this  station. 

At  station  B6,  one  taxon  comprised  88  percent  of  the  benthic  population. 

This  was  the  chrionomid,  Stictochironomus  sp.  The  remaining  12  percent 
was  composed  of  11  other  taxa. 

Palpomyia  tibialis  (47  percent) became  the  new  dominant  species  at 
station  B7.  Stictochironomus  sp.,  Cricotopus  sp.  and  Physa  integra 
occurred  at  18  percent,  10  percent  and  12  percent,  respectively.  Together 
these  four  taxa  comprised  87  percent  of  the  total  macroinvertebrate 
community. 

Station  B8  had  two  taxa  comprising  85  percent  of  the  population. 
Stictochironomus  sp.  was  dominant  at  64  percent  with  Polypedilum  sp. 
being  co-dominant  (21  percent) 
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Spring  Creek,  species  dominance  was  somewhat  different  from  Brush  Creek. 
At  station  SI,  Asellus  sp.  comprised  53  percent  of  the  macroinvertebrate 
population.  Stictochironomus  sp.  occurred  at  22  percent.  A total  of  75 
percent  of  the  benthos  community  was  comprised  of  these  two  taxa. 


At  station  S2,  66  percent  of  the  population  was  comprised  of  three  taxa. 
Thirty-four  percent  was  represented  by  Stictochironomus  sp.  as  compared 
to  22  percent  at  station  SI.  Chironomus  anthracinus  was  present  at  20 
percent  and  Tubificidae  at  12  percent. 

To  summarize  Appendix  XVil,total  number  of  taxa  decreases  moving  down- 
stream. The  most  upstream  and  down  stream  stations  Bl,  B2,  B7  and  B8 
averaged  25  taxa,  however,  the  mid-stream  stations  only  averaged  15  total 
taxa  per  station.  Station  SI  and  station  S2  had  22  and  16  representative 
taxa,  respectively. 

Surber  square  foot  sampler  - Three  replicate  surber  samples  were  taken 
at  each  station  except  for  stations  Bl  and  B2  of  Brush  Creek  (see 
introduction  to  ponar  sampling) . 

Mean  species  diversity  of  the  three  replicate  samples  at  each  station  showed 
little  change  between  stations.  Tablel02  and  103and  Figure  79  give  the 
values  of  species  diversity  and  evenness  calculated  for  each  sample 
replicate,  as  well  as  the  mean  and  standard  deviation  of  the  replicates 
for  each  station.  Replication  of  the  three  samples  for  each  station 
was  sometimes  variable.  The  degree  of  replication  is  further  verified 
through  the  use  of  the  Pinkham  and  Pearson  coefficient  of  association. 

Using  this  means  of  analysis  the  following  were  noted: 


Z 


1)  At  station  B3  the  benthic  macro invertebrate  distribution  of 
the  three  replicates  was  similar  at  35  percent,  with  two 
replicates  being  similar  above  40  percent  (Figure  80) . The 
mean  species  diversity  (1.99)  did  not  change  when  the  most 
different  replicate  was  ignored. 
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Table  10JSHANNONWEAVER  EVENNESS  FOR  BENTHIC  MACROINVERTEBRATES  COLLECTED  FROM 

NATURAL  SUBSTRATE  - SURBER.  IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEK. 


Shannon-Weaver  Species  Diversity  and  Evenness 
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2)  Replication  of  samples  at  station  B4  was  higher.  Two  samples 
were  similar  at  55  percent  while  the  third  was  similar  above 
40  percent  (Figure  81) . Even  when  the  third  replicate  is  not 
considered,  mean  species  diversity  (2.11)does  not  change 
significantly. 

3)  The  three  replicate  surber  samples  at  station  B5  were  similar 
at  the  29  percent  level  (Figure  82).  Two  of  these  replicates 
were  similar  at  42  percent,  however  the  elimination  of  the 
least  similar  sample  does  not  change  the  mean  species  diversity 
(1.96). 

4)  At  station  B6  two  replicates  were  similar  at  55  percent  while 
the  third  was  only  similar  at  22  percent  (Figure  83) . Mean 
species  diversity  (2.08)  did  not  change  when  ignoring  the  least 
similar  replicate. 

5)  Station  B7  showed  a similarity  above  the  25  percent  level  for 
three  replicate  samples  (Figure  84).  Two  of  these  were  similar 
above  55  percent,  however,  mean  species  diversity  did  not 
change  appreciably  with  elimination  of  the  least  similar 
replicate. 

Replication  of  benthic  macroinvertebrate  associations  at  station 
B8  (Figure  85)  was  similar  at  35  percent.  Two  replicates  were 
similar  above  45  percent.  Ignoring  the  most  different  replicate, 
mean  species  diversity  at  this  station  decreased  from  2.09  to 
1.98,  an  insignificant  change. 

7)  Station  SI  of  Spring  Creek  had  its  three  replicates  similar 
above  25  percent  with  two  replicates  similar  above  the  50 
percent  level  (Figure  86).  Mean  species  diversity  (2.27)  was 
not  changed  when  the  least  similar  replicate  was  ignored. 

8)  At  station  S2  the  mean  species  diversity  was  2.23.  Replication 
of  the  three  samples  was  similar  above  25  percent  (Figure  87). 
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The  application  of  species  diversity  and  coefficient  of  association  to 
the  replicate  samples  at  every  station,  particularly  the  coefficient  of 
similarity,  indicates  whether  or  not  a sufficient  sample  has  been  taken 
to  adequately  describe  the  existing  community.  In  most  cases,  one 
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Figure  81 
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a community  composed  proportionally  of  more  algae  than  the  previous 
stations.  Stations  B2  and  B6  had  the  highest  biomass  of  algae  (Table 
77  ) and  likewise  have  the  lowest  non-algal  biomass/ATP  ratios. 

As  the  value  of  the  organic  weight/ATP  ratio  and  the  non-algal 
biomass/ATP  ratio  approach  each  other  it  suggests  a large  percentage 
of  the  ash-free  dry  weight  (organic  weight)  is  living  and  proportion- 
ally more  heterotrophic.  Furthermore,  if  the  AI  is  greater  than  100, 
it  reflects  a viable  heterotrophic  association.  This  is  seen  at 
station  B7  (Table  79  ). 

Greater  differences  between  these  two  ratios  accompanied  by  low  AI 
values  suggests  a viable  algae  association.  This  is  seen  at  station 


The  other  extreme  is  seen  at  station  B8.  High  ratios  of  organic 
weight  and  non-algal  biomass  to  ATP,  accompanied  by  a very  high  AI 
value,  suggest  a heterotrophic  community  of  low  activity.  It  is 
probable  that  a large  fraction  of  the  ash-free  dry  weight  is  non- 
viable.  The  conversion  of  data  indicates  that  about  88  percent  of  the 
periphyton  at  this  station  is  non-algal  (Table  77).  Of  this  non- 
algal,  organic  mass  most  is  probably  non-living  detrital,  or  moribund 
cells  of  heterotrophs. 

At  station  S2  the  AI  indicates  slight  heterotrophism.  The  ratios 
of  ATP  suggest  very  low  activity  but  also  indicate  that  there  may 
be  a large  fraction  of  non-living  organic  material  (Table  79  ) . The 
organic  weight  may  represent  a large  portion  of  algae,  algal  biomass 
was  47  percent  (Table  77)  , and  the  non-algal  biomass  may  be  non- 
living, which  would  increase  the  AI  value. 

ATP/Organic  Weight  and  ATP/Chlorophyll  a - 

One  last  comparison  was  to  look  as  the  levels  of  ATP/mg  ash-free  dry 
weight  and  ATP/mg  chlorophyll  a.  The  level  of  ATP  decreased  between 
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Figure  86 

STATION  SI -IHAP  BENTHOS-COMPARISON  OF  NAT.  SUB.  SURBER  REPS.  (MAY- JUNE 
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replicate  was  quite  different  from  the  remaining  two,  however  this  did 
not  significantly  alter  the  calculated  mean  species  diversity  at  the 
respective  stations. 

Mean  species  diversity  of  benthic  macroinvertebrates  collected  by  the 
surber  method  did  not  change  greatly  between  stations  (Figure  79) . An 
increase  occurred  between  station  B3  and  station  B4,  and  species  diversity 
then  decreased  at  station  B5.  Between  stations  B5  and  B8  species  diversity 
changed  very  little  (Table  102;  Figure  79).  Species  evenness  (Table  103; 
Figure79  ) showed  a parallel  trend  with  species  diversity. 

Species  diversity  differed  considerably  between  the  two  Spring  Creek 
stations  when  compared  to  the  Hester-Dendy  plate  and  ponar  sample  trends. 
Instead  of  an  increase  occurring  from  station  SI  to  station  S2,  a small 
decrease  was  seen.  Species  evenness  did  not  parallel  species  diversity; 
it  increased  0.01  from  station  SI  to  S2  (Table  103;  Figure  79). 

Benthos  species  diversity  from  replicate  samples  were  combined  and  compared 
between  stations  using  the  coefficient  of  similarity.  The  application 
of  the  Pinkham  and  Pearson  coefficient  of  association  resulted  in  four 
stations  being  grouped  due  to  the  relatively  high  species  similarity 
between  them.  These  were  station  B3,  B4,  B5  and  B8.  Stations  B3  and 
B4  were  similar  at  69  percent  with  station  B5  being  similar  at  67  per- 
cent (Figure  88) . Proximal  stations  are  expected  to  be  similar  if  no 
detrimental  effects  from  waste  effluents  exist,  which  is  indicated  for 
these  three  stations. 

A second  group  of  stations,  B7,  SI,  and  S2  were  similar  at  the  62  per- 
cent level.  Station  B6  is  the  most  different  of  any  station,  being 
similar  to  the  other  stations  above  40  percent  (Table  104;  Figure  88). 

Percent  dominance  of  macroinvertebrate  species  occurrence  was  calculated 
from  the  species  list  in  Appendix  XVI.  There  were  three  taxa  of  benthic 
macroinvertebrates  which  comprised  60  percent  of  the  population  at 
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Figure  88. 

IAAP  BENTHOS-STATION  COMPARISON  OF  NAT.  SUB.-SURBER  REP.  (MAY- JUNE  75) 
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station  B3.  These  were  Cricotopus  sp.  (34  percent),  Asellus  sp.  (14 
percent)  and  Physa  integra  (12  percent). 

At  station,  B4,  Simulium  sp.  was  dominant  (23  percent).  Co-dominant 
was  Cricotopus  sp.  at  16  percent.  Two  other  taxa,  Hydropsyche  sp. 

(14  percent)  and  Cheumatopsyche  sp.  (12  percent)  were  common.  Thus,  these 
four  taxa  comprised  65  percent  of  the  population. 

Three  taxa  were  present  at  station  B5,  comprising  59  percent  of  the  total 
benthos  community  structure.  Simulium  sp.  increased  from  23  percent  to 
35  percent  while  Cricotopus  sp.  decreased  from  16  percent  to  12  percent. 
Hydropsyche  sp.  was  also  present  at  12  percent. 

Agraylea  multipunctata  (20  percent)  was  the  most  abundant  species  at 
station  B6.  Other  taxa  occurring  were  Cheumatopsyche  sp.  (19  percent) 
and  Asellus  sp.  (12  percent)  together  comprising  31  percent  of  the 
population . 

At  station  B7  three  taxa  comprised  70  percent  of  the  macroinvertebrate 
association.  These  were  Crypt ochironomus  sp,  (31  percent),  Cricotopus 
sp.  (30  percent)  and  Simulium  sp.  (9  percent). 

Station  B8  also  had  three  taxa  comprising  60  percent  of  the  benthic 
community.  A new  taxon,  Baetis  sp.  (20  percent),  was  co-dominant  with 
Cricotopus  sp.  (21  percent).  Agraylea  multipunctata  recurred  at  19 
percent. 

Station  SI  of  Spring  Creek  had  four  taxa  comprising  55  percent  of  the 
species  complex.  Agraylea  multipunctata  was  most  dominant  at  20  per- 
cent. Cheumatopsyche  sp.  (12  percent),  Asellus  sp.  (12  percent)  and 
Cricotopus  sp.  (11  percent)  were  next  in  decreasing  order. 

At  station  S2,  42  percent  of  the  macroinven.cbi.ute  population  was  com- 
prised of  three  taxa.  Twenty-four  percent  was  Cricotopus  sp.  compared 
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Co  Che  11  percenC  ac  Station  SI.  Asellus  sp.  was  presenC  ac  10  percenc 
and  Stictochironomus  sp.  ac  8 percenc. 

To  summarize  Appendix  XVI  for  surber  species  daCa,  Che  Brush  Creek  scacions 
averaged  27  CoCal  caxa.  Scacions  SI  and  S2  of  Spring  Creek  boch  had 
28  CoCal  Caxa  represenced. 


Discussion  of  Resulcs 


Species  Occurrence  on  ArCificial  Subscraces  (Mav-June)- 
BenChic  macroinvercebrace  species  diversicy  increased  wich  discance 
downsCream.  Species  diversify  did  noc  follow  any  specific  chemical 
Crend.  Low  species  diversifies  were  observed  af  sfafions  B2,  B3, 
and  B5,  where  Che  Chironomidae  dominaced.  This  family  is  considered 

3 6 

in  Che  liceracure  Co  be  faculcacive  to  infoleranC  of  organic  polluCion 

On  the  other  hand,  stations  B6,  B7,  and  B8  showed  high  species  diversities 

36 

with  Agraylea  sp.,  an  intolerant  organism  , dominating.  Most  taxa 
occurring  at  a significant  level  at  any  station  were  facultative  to 
intolerant  of  organic  pollution.  The  most  important  aspect  observed  in 
the  trend  in  species  diversity  occurred  at  stations  B5  and  B7,  where  a 
decrease  in  diversity  occurred.  At  both  of  these  stations  aqueous  and 
sediment  TNT  was  found  to  be  high. 

This  trend  observed  in  the  mean  diversity  on  artificial  substrates  may 
have  resulted  from  the  natural  characteristics  of  the  creek  combined 
with  the  observed  TNT  levels.  However,  it  should  be  pointed  out  that 
the  substrate  used  as  artificial  substrates  is  selective  to  certain 
types  of  fauna,  incubation  periods  vary  in  different  bodies  of  water 

and  it  is  dependent  on  chance  colonization  bv  drifting  or  swimming 

. 36 

organisms 


342 


* 

The  proximal  stations  on  Brush  Creek  were  similar  above  53  percent 
except  for  station  pairs  B5  - B6  and  B7  - B8.  Station  B5,  located  below 
industrial  effluent  15  and  17,  was  similar  to  station  B6,  which  was  not 
directly  effected  by  any  industrial  wastes,  at  a somewhat  lower  level 
of  47  percent.  Similarity  between  station  pair  B7  - B8  was  49  percent. 
Station  B7  received  the  domestic  sewage  treatment  plant  wastes  while 
station  B8  was  the  recovery  zone  of  Brush  Creek. 

This  comparison  between  adjacent  stations,  showed  a high  level  of 
similarity  between  all  stations.  Indications  are  that  any  effects  on 
the  benthic  community  caused  by  industrial  wastes  are  minimal  and  of 
short  term  duration.  This  conclusion  is  based  on  the  fact  that  species 
diversity,  species  dominance  and  similarity  between  stations  show  recovery 
of  the  benthic  macroinvertebrate  population  within  the  study  area. 

Spring  Creek  species  diversity  increased  between  station  SI  and  S2. 

The  low  diversity  at  station  SI  was  possibly  caused  by  siltation  of  the 
stream  bed  due  to  construction  work  upstream.  Taxa  that  occurred  at 
both  stations  were  facultative  to  intolerent. 

Species  Occurrence  on  Natural  Substrates  (May-June)  - 
Ponar  samples  - Species  diversity  and  species  occurrence  of  benthic 
macroinvertebrates  from  ponar  samples  are  dependent  upon  the  chemistry 
of  the  sediments  because  they  are  in  direct  contact  with  the  soft 
substrate  of  the  creek.  Sediments  of  this  type  are  more  susceptible  to 
sorbtion  of  various  materials.  Mean  species  diversity  showed  an  irregular 
pattern  between  stations. 


Two  important  diversity  trends  occurred  within  Brush  Creek.  The  first 
was  a large  decrease  that  occurred  between  station  B1  and  station  B4. 
Station  Bl,  which  possessed  the  highest  diversity,  relates  to  its 
conditions  as  a reference  station  (i.e.,  there  were  no  industrial 
wastes  influencing  the  station  on  its  upstream  side). 
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The  remaining  three  stations  exhibited  decreased  diversity,  corresponding 
to  the  large  increase  in  sediment  TNT.  This  is  particularly  true  of 
station  B4  which  was  characterized  by  one  of  the  lower  diversity  values 
and  the  highest  sediment  TNT  level  in  Brush  Creek. 

The  second  important  trend  occurred  between  stations  B5  and  B8.  The 
shifts  that  occurred  between  stations  are  uncertain.  The  increase  in 
diversity  from  station  B4  to  station  B5  corresponds  to  the  decrease  in 
sediment  TNT,  however  the  sharp  decrease  at  station  B6  does  not.  TNT 
levels  in  the  sediment  were  very  low  at  this  station.  It  is  possible  that 
some  inhibitory  factor (s)  or  natural  limiting  factor  may  be  causing  this 
drastic  change  in  diversity. 

Diversity  then  increased  at  station  B7  where  nutrient  levels  were  high, 
possibly  accounting  for  more  abundant  food  sources  for  the  invertebrate 
community.  From  station  B7  to  station  B8  a small  decrease  occurred. 

Species  occurrence  and  dominance  showed  Brush  Creek  to  have  a Chironomidae/ 

Tubificidae  complex.  These  taxa  ranged  from  intolerent  to  tolerent  of 
36 

organic  pollution  . At  the  stations  where  diversity  decreased  or  was 
relatively  low  (i.e.,  B3,  B4,  B6,  B8)  Stictochironomus  sp.,  an  intol- 
erant chironomid,  was  the  most  dominant  taxon.  The  reason  for  the 
occurrence  of  an  intolerant  organism  such  as  this  in  a community  of 
low  diversity  is  uncertain.  There  is  not  sufficient  literature  on  the 
autecology  of  this  organism  to  be  able  to  hypothesize  other  causative 
factors  for  its  presence  in  such  a situation. 

Proximal  station  similarities  was  very  high,  with  station  pairs  BI  - B2 
and  B7  - B8  being  less  similar.  As  previously  explained  for  the  artificial 
substrates, these  stations  (i.e.  Bl  and  B8)  were  reference  and  recovery 
zones,  respectively,  and  their  difference  to  the  adjacent  stations 
suggest  the  macroinvertebrate  community  is  being  affected  by  the 
industrial  effluents  in  the  intervening  reaches  of  Brush  Creek. 
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Mean  species  diversity  increased  between  stations  SI  and  S2  of  Spring 
Creek.  Siltation  from  construction  upstream  covered  the  sediments  and 
probably  caused  unsatisfactory  conditions  for  the  survival  of  many  more 
species  at  station  SI. 

Surber  square  foot  samplers  - Species  diversity  of  benthic  macro invertebrates 
collected  by  the  surber  sampler  did  not  shift  significantly  between 
stations.  This  was  shown  by  the  analysis  of  variance  test.  From  this 
observation  it  can  be  concluded  that  the  population  in  the  riffle  area 
(characterized  by  hard  surfaces)  were  less  affected  by  wastes  than  the 
pool  populations  present  in  soft,  sandy  sediments. 

36 

Species  that  occurred  at  the  stations,  were  faculatative  to  intolerent 
indicating  stream  conditions  were  healthy.  Similarity  between  proximal 
stations  was  also  high  (above  46  percent). 

From  the  macro invertebrate  community  analyzed  on  natural  and  artificial 
substrates  it  can  be  concluded  that  organisms  in  direct  contact  with  the 
sediments  are  affected  greatly  by  the  industrial  wastes.  Some  unexplain- 
able inhibitory  factor  (i.e.,  other  than  TNT)  may  also  limit  the  popula- 
tion. 

Artificial  substrates  indicate  a small  effect  from  the  industrial  wastes 
however  recovery  is  seen  to  be  occurring.  On  the  other  hand,  macroin- 
vertebrates within  the  riffle  areas  do  not  appear  to  be  affected. 

Results 

Species  Occurrence  on  Artificial  Substrates  (October)  - 
The  trend  of  benthic  macroinvertebrate  species  diversity  on  artificial 
substrates  for  Brush  and  Spring  Creeks  showed  less  variation  between 
stations  when  compared  to  the  May-June  results.  Replication  of  the 
three  samples  collected  at  each  station  was  sometimes  variable.  Table 
‘■|J3andl06  and  Figure  89  show  the  values  of  species  diversity  and  evenness 
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calculated  for  each  sample  replicate,  as  well  as  the  mean  and  standard 
deviation  of  the  replicates  for  each  station.  The  degree  of  replication 
is  further  verified  through  the  use  of  the  Pinkham  and  Pearson  coefficient 
of  association.  Using  this  means  of  analysis  the  following  were  noted: 

1)  Samples  were  not  collected  and  analyzed  for  species  occurrence 
at  station  Bl  for  the  same  reason  described  previously,  i.e., 
low  water  levels  which  insufficiently  covered  the  Hester-Dendy 
plates.  Refer  back  to  May-June  results  for  further  explana- 
tion. 

2)  At  station  B2  the  species  distribution  of  the  three  replicates 
was  similar  above  the  20  percent  level  (Figure  90) , with  two 
replicates  similar  above  45  percent.  Species  diversity  decreased 
from  1.53  to  1.41  when  the  most  different  replicate  was  ignored, 
however,  this  difference  of  0.12  is  very  small  and  probably 
insignificant . 

3)  The  results  of  sample  replicates  at  station  B3  was  more  similar. 
Three  replicates  were  similar  at  25  percent  while  two  replicates 
were  similar  at  44  percent  (Figure  91).  The  mean  species  diver- 
sity did  not  change.  (1.54). 

4)  The  three  replicate  samples  at  station  B4  were  similar  above 
the  40  percent  level  (Figure  92).  Two  of  these  replicates  were 
similar  above  45  percent,  however,  mean  species  diversity  (1.78) 
did  not  change  significantly  when  the  most  different  replicate 
was  ignored. 

5)  At  station  S5  the  three  replicates  were  similar  below  30  per- 
cent, with  two  replicates  similar  at  the  50  percent  level 
(Figure  93).  The  mean  species  diversity  (1.85)  was  representa- 
tive of  the  benthic  macroinvertebrate  community. 

6)  Station  B6  showed  a similarity  above  30  percent  for  the  three 
replicate  samples  (Figure  94).  Mean  species  diversity  remained 
at  1.83  even  when  the  two  most  similar  replicates  (44  percent) 
were  used  to  calculate  diversity. 
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7)  Mean  species  diversity  was  1.97  for  the  combined  three  replicates 
at  station  B7.  The  replicates  were  similar  between  30  and  40 
percent  (Figure  95) . 

8)  Replication  of  benthic  macroinvertebrate  species  associations 
at  station  B8  (Figure  96)  was  similar  above  the  35  percent 
level.  Ignoring  the  most  different  replicate,  species  diversity 
decreased  from  1.33  to  1.27,  an  insignificant  change. 

9)  Station  SI  of  Spring  Creek  had  its  three  replicates  similar 
above  25  percent  (Figure  97).  Two  replicates  were  similar  at 
45  percent.  The  mean  species  diversity  was  1.48  (Tablel05)  but 
would  be  somewhat  lower  at  1.35  if  the  most  different,  replicate 
was  ignored.  This  difference  of  0.13  is  most  likely  not  signif- 
icant. 

10)  At  station  S2  the  benthic  macroinvertebrate  species  distribu- 
tion of  the  three  replicates  was  similar  at  the  40  percent 
level,  with  two  being  more  similar  above  45  percent  (Figure  98). 
Mean  species  diversity  was  1.88. 


The  application  of  species  diversity  and  coefficient  of  similarity  to  the 
replicate  samples  at  each  station,  particularly  the  coefficient  of 
similarity,  indicates  whether  or  not  a sufficient  sample  has  been  taken 
to  adequately  describe  the  existing  community.  It  was  shown  that  some- 
times one  of  the  three  replicate  samples  was  quite  different  from  the 
remaining  samples,  however  the  presence  or  absence  of  its  species  data 
had  little  effect  on  the  estimation  of  the  benthic  community  structure, 
i.e.  species  diversity.  Thus,  the  inclusion  of  all  replicate  samples 
on  a combined  basis  at  each  station  provided  a broader  species  complex 
from  which  station-to-station  comparisons  were  made. 

Mean  species  diversity  of  benthic  macro invertebrates  collected  from 
artificial  substrates  remained  the  same  at  stations  B2  and  B3  (1.53  .= 

1.54  respectively).  A small  increase  occurred  between  station 
and  station  B4  (Table  105;  Figure  89) . Stations  B5  and  Bb  he 
diversity  at  the  same  level  as  station  B4,  with  a slight  ir.  • 
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species  diversity  occurring  at  station  B7.  A significant  change  in 
species  diversity  (a  decrease  from  1.97  to  1.33)  occurred  between  stations 
B7  and  B8.  Species  evenness  (Table  106;  Figure  89)  did  not  show  a parallel 
trend  with  species  diversity. 

Mean  species  diversity  differed  between  the  two  Spring  Creek  stations. 

An  increase  occurred  between  station  SI  (1.48)  and  station  S2  (1.88) 

(Table  105;  Figure  89).  Species  evenness,  on  the  other  hand,  showed  a 
decrease  between  the  two  stations  (Table  106;  Figure  89). 

Macroinvertebrate  species  data  from  replicate  samples  were  combined  and 
compared  between  stations  using  the  coefficient  of  similarity.  The 
application  of  the  Pinkham  and  Pearson  coefficient  of  association  resulted 
in  stations  B2  and  B4  being  similar  at  82  percent.  Stations  B8  and  S2 
were  similar  above  50  percent.  The  remaining  stations  (B3,  SI,  B6,  B5, 
and  B7)  were  similar  to  station  B2  and  B4  in  order  of  highest  similarity. 
All  stations  were  similar  above  45  percent.  Refer  to  Table  107  and  Figure 
99  for  more  detailed  information. 


Percent  dominance  of  the  mnoroinvertebrate  species  occurring  on  artificial 
substrates  was  calculated  from  the  species  list  in  Appendix  _XVIII.  During 
October  1975,  there  were  four  taxa  of  benthic  macroinvertebrates  which 
comprised  69  percent  of  the  population  at  station  B2.  These  were 
Palpomyia  tibialis  (25  percent),  Pentaneura  sp.  (16  percent), 

Stictochironomus  sp  (14  percent)  and  Hemerodromia  sp.  (14  percent). 

At  station  B3,  Palpomyia  tibialis  remained  the  primary  dominant 

increasing  from  25  percent  to  40  percent.  Chironomus  sp.  was  co-dominant 
and  made  up  24  percent  of  the  benthic  population.  Thus  two  taxa  com- 
prised 64  percent  of  the  total  community  occurring  on  the  Hester-Dendy 
plates. 
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Figure  99 


Three  taxa  present  at  station  B4  comprised  60  percent  of  the  total  benthic 
i community  structure.  Stictochironomus  sp.  was  dominant  at  27  percent. 

The  two  other  taxa  present  were  Dicrotendipes  sp.  (23  percent)  and 
Chironomus  sp  (10  percent). 

i Cricotopus  sp.  (22  percent)  was  the  most  dominant  taxon  of  the  three  that 

comprised  49  percent  of  the  benthic  macroinvertebrate  population  at 
station  B5.  Hemerodromia  sp.  and  Pentaneura  sp.  were  present  at  17  and 
10  percent,  respectively. 

At  station  B6,  four  taxa  comprised  72  percent  of  the  population,  with 
Stictochironomus  sp.  (27  percent)  being  dominant.  The  co-dominant  taxon 
was  Pentaneura  sp.  (20  percent).  Other  commonly  occurring  taxa  were 
Palpomyia  tibialis  (14  percent)  and  the  oligochaete,  Limnodrilus 

sp.  (11  percent). 

Station  B7  had  three  taxa  which  together  comprised  66  percent  of  the  macro- 
invertebrate association.  Stictochironomus  sp.  increased  slightly  to 
30  percent  and  remained  dominant.  Pentaneura  sp.  (22  percent)  increased 
two  percent  with  Chironomus  sp.  being  present  at  14  percent. 

Stictochironomus  sp.  increased  two-fold  at  station  B8  (30  percent  to  65 
percent).  Cricotopus  sp.  occurred  at  14  percent.  These  two  species 
together  comprised  79  percent  of  the  macroinvertebrate  population  at 
this  station. 

The  two  Spring  Creek  stations  had  a very  different  population  dominance. 
Chironomus  sp.  was  the  most  dominant  (23  percent)  of  three  taxa  which 
comprised  59  percent  of  the  population  at  station  SI.  The  two  other 
taxa  that  were  common  at  this  station  were  Asellus  sp.  (20  percent)  and 
Stictochironomus  sp.  (16  percent). 
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At  station  S2,  68  percent  of  the  population  was  comprised  of  four  taxa. 
Twenty-nine  percent  was  Dicrotendipes  sp.  and  19  percent  was  Stictochironomus 
sp.  The  two  other  taxa  were  Chironomus  sp.  and  Stenonema  (interpunctatum 
group)  both  comprising  10  percent  of  the  total  population. 

Differences  in  benthic  macro invertebrate  community  structure  and  similarity 
which  occurred  between  sampling  stations  were  the  result  of  the  occurrence, 
loss  and  recurrence  of  uncommon  and  rare  species.  To  summarize  Appendix  Will, 
the  total  number  of  taxa  found  at  each  station  increased  with  distance 
downstream.  Station  B2  had  9 taxa,  station  B3  had  15  taxa  and  10  taxa 
were  found  at  station  B4.  Stations  B5  and  B6  had  17  and  18  taxa,  respec- 
ti"'.ly.  The  most  taxa  found  was  at  stations  B7  and  B8  (averaging  24  taxa). 
Station  SI  and  station  S2  had  11  and  22  total  taxa,  respectively. 

Species  Occurrence  on  Natural  Substrates  (October)  - 

Samples  collected  from  natural  substrates  include  samples  taken  with  a 
petite  ponar  and  surber  square  foot  sampler.  Species  data  from  these 
two  sample  types  were  analyzed  for  species  diversity,  evenness,  species 
association  and  species  dominance. 

Ponar  samples  - Two  replicate  ponar  samples  were  taken  at  each  sampling 
station  except  for  those  stations  (B2,  B7,  SI  and  S2)  which  did  not  have 
riffles  suitable  for  sampling  with  the  surber  square  foot  sampler.  These 
stations  had  four  replicate  ponars  collected  and  analysed  for  species 
occurrence . 

Mean  species  diversity  of  the  two  or  four  replicate  samples  at  each 
station  showed  an  irregular  pattern.  Tablel08  andi09  and  FigurelOO 
show  the  values  of  species  diversity  and  evenness  calculated  for  each 
sample  replicate,  as  well  as  mean  and  standard  deviation  of  the 
replicates  for  each  station.  Replication  of  the  two  or  five  samples  for 
each  station  was  sometimes  variable.  The  degree  of  replication  is 
further  verified  through  the  use  of  the  Pinkham  and  Pearson  coefficient 
of  association.  Using  this  means  of  analysis  the  following  were  noted: 
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Figure  100. 
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1)  No  samples  (ponar  or  surber)  for  natural  substrates  were 
collected  at  station  B1  because  of  the  very  dry  conditions 
which  occurred.  At  the  time  of  the  survey  this  station 
was  non-existant. 

2)  Of  the  four  replicates  collected  at  station  B2,  one  was  most 
different.  Three  replicates  were  similar  at  49  percent  while 
the  similarity  between  all  four  replicates  was  25  percent 
(Figure  101).  Mean  species  diversity  (1.36)  did  not  change 
when  ignoring  the  most  different  replicate. 

3)  Station  B7  also  had  four  ponar  sample  replicates  which  were 
similar  above  the  forty  percent  level  (Figurel02) . All  replicates 
were  very  close  in  similarity  and  the  mean  species  diversity 

did  not  change  (0.80). 

4)  Both  stations  within  Spring  Creek  had  four  ponar  sample 
replicates.  At  station  SI,  two  replicates  were  similar  at 

68  percent  and  two  other  replicates  were  similar  at  45  percent 
(Figure  103).  All  four  replicates  were  then  similar  at  40 
percent.  The  mean  species  diversity  was  1.15  at  this  station. 

5)  All  ponar  replicates  (four  samples)  at  station  S2  were  similar 
at  35  percent  (Figure  104) . Two  of  these  replicates  were 
similar  above  the  65  percent  level,  however,  mean  species 
diversity  (1.52)  did  not  change  significantly  when  ignoring 
the  most  different  replicate(s) . 

6)  The  remaining  stations  (B3,  B4,  B5,  B6  and  B8)  each  had  only 
two  replicate  ponar  samples  collected.  Mean  species  diversity 
values  are  shown  in  Table  108  and  Figure  100.  The  similarity 
values  between  the  two  replicates  of  each  station  are  given 

in  Tabid  10.  Note  that  similarity  is  very  low  for  only  two 
replicates. 
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Table  110.  COEFFICIENT  OF  ASSOCIATION  COMPARING  BENTHIC  MACRO INVERTEBRATE 
SPECIES  ASSOCIATION  BASED  ON  TWO  REPLICATE  PONAR  SAMPLES. 


IOWA  ARMY  AMMUNITION  PLANT. 
OCTOBER,  1975. 

BRUSH  AND 

SPRING 

CREEKS . 

B3 

B4 

JLL 

B6 

■! 

B8 

0.215 

0.354 

0. 191 

0.241 

0.240 

Mean  species  diversity  of  benthic  macroinvertebrates  collected  from 
natural  substrates  (ponar  method)  showed  a large  decrease  between  station 
B2  and  station  B4.  Station  B4  had  the  lowest  mean  species  diversity  of 
the  Brush  Creek  stations.  A sharp  increase  occurred  between  stations 
B4  and  B6  with  station  B6  having  a species  diversity  value  similar  with 
station  B2  (Table  10a;  Figure  100) . A decrease  was  seen  between  station 
B6  and  station  B7.  Station  B8  remained  at  the  same  level  as  station  B7. 
Species  evenness  (Table  109;  Figure  100)  paralleled  species  diversity. 

An  increase  in  species  diversity  occurred  between  stations  SI  and  S2 
(1.15  to  1.52)  of  Spring  Creek.  Species  evenness  (Table  109;  Figure  100), 
also  showed  a parallel  trend  to  species  diversity. 

Macroinvertebrate  species  data  from  the  ponar  replicate  samples  were 
combined  and  compared  between  stations  using  the  coefficient  of  similarity. 
The  application  of  the  Pinkham  and  Pearson  coefficient  of  association 
resulted  in  station  B7  being  most  different  from  all  other  station  benthos 
populations,  which  is  probably  a result  of  this  station  being  below  the 
domestic  sewage  treatment  plant  (TablellU  Figurel05). 

Stations  B8  and  SI  were  similar  at  65  percent,  which  is  a good  indication 
that  Brush  Creek  is  recovering  from  any  possible  effects  caused  by  the 
industrial  wastes.  The  Brush  Creek  stations  B2,  B3,  B4,  B5,  B6  were 
all  grouped  due  to  the  relatively  high  similarity  between  them.  They 
were  similar  above  65  percent.  Since  these  stations  are  located  in 
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the  area  of  greatest  industrial  waste  discharge  the  similarity  of  benthos 
populations  between  these  stations  may  reflect  the  possible  affects  of 
these  wastes.  The  similarity  between  the  reference  stations  and  most 
downstream  stations  suggests  population  recovery. 

Percent  dominance  of  the  macro invertebrate  species  occurring  on  natural 
substrates  (ponar  method)  was  calculated  from  the  species  list  in 
Appendix  XIX.  During  October  1975,  there  were  two  taxa  of  benthic  macro- 
invertebrates which  comprised  69  percent  of  the  total  population  at 
station  B2.  These  were  Palpomyia  tibialis  (44  percent)  and 

Limnodrilus  sp. (25  percent). 

At  both  station  B3  and  station  B4,  one  taxon  (Stictochironomus  sp.) 
comprised  the  majority  of  the  population.  This  same  taxon  also  remained 
dominant  throughout  the  remaining  Brush  Creek  stations.  Stictochironomus 
sp.  comprised  83  percent  and  92  percent  of  the  population  at  stations  B3 
and  B4,  respectively. 

Station  B5  had  three  taxa  that  comprised  95  percent  of  the  total  benthic 
community.  Stictochironomus  sp.  was  present  at  62  percent.  The  other 
two  taxa  were  Chrysops  sp.  (18  percent)  and  Chironomus  sp.  (15  percent). 

At  station  B6  Stictochironomus  sp.  comprised  53  percent  of  the  population. 

Polypedilum  sp. (17  percent)and  Chrionomus  sp.  were  also  common.  Thus, 
three  taxa  comprised  81  percent  of  the  benthic  macroinvertebrate 
association  at  this  station. 

Stictochironomus  sp.  occurred  at  both  station  B7  and  B8  at  80  percent. 

The  co-dominant  at  station  B7  was  Chironomus  sp  (10  percent).  Limnodrilus 
sp.  was  co-dominant  at  station  B8  at  10  percent  also.  Therefore,  two 
taxa  at  stations  B7  and  B8  comprised  90  percent  of  the  total  population. 

The  Spring  Creek  stations  had  a very  diffeient  population  dominance. 

Station  SI  had  one  species ,Aulodr ilus  pluriseta,  which  comprised  73 
percent  of  the  population.  At  station  S2  Aulodrilus  pluriseta  decreased 


376 


Tablel 12 . SHANNON-WEAVER  SPECIES  DIVERSITY  FOR  BENTHIC 
MACROINVERTEBRATES  COLLECTED  FROM  TWO  REPLICATE  NATURAL  SUBSTRATES-SURBER. 
IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEK. 
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Figure  106 

IflflP  BENTHOS-  DIVERSITY  FOR  NflT.  SOB.  SURBER  (OCT  7SJ 
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in  occurrence  to  11  percent.  The  dominant  at  this  latter  station  was 
Stictochironomus  sp.  (49  percent).  Two  other  taxa,  Chironomus  sp. 

(16  percent)  and  Limnodrilus  sp.  (13  percent)  were  present.  Thus,  four 
taxa  comprised  89  percent  of  the  total  population. 

To  summarize  Appendix  XIX, total  number  of  taxa  varied  between  the  stations 
of  Brush  Creek.  Station  B2  had  12  taxa  while  stations  B3,  B4,  and  B5 
averaged  7 taxa.  Sixteen  taxa  were  identified  at  station  B6  while  station 
B7  recorded  the  most  taxa  found  (31) . Station  B8  had  14  taxa.  The  Spring 
Creek  stations,  SI  and  S2  had  21  and  24  taxa,  respectively. 

Surber  square  foot  samples  - Two  replicate  surber  samples  were  taken 
at  five  Brush  Creek  stations  (B3,  B4,  B5,  B6  and  B7) . This  was  due  to 
the  low  flow  characteristics  of  the  creek  at  this  time  of  the  year 
(October) . 

Mean  species  diversity  of  the  two  replicate  samples  at  each  station  showed 
little  change  between  stations.  Table  112  and  113  and  Figure  lUb  give  the 
values  of  species  diversity  and  evenness  calculated  for  each  sample 
replicate,  as  well  as  the  mean  and  standard  deviation  of  the  replicates 
for  each  station.  Replication  of  the  two  samples  for  each  station  was 
very  low.  The  degree  of  replication  is  further  verified  through  the 
use  of  the  Pinkham  and  Pearson  coefficient  of  association.  Refer  to 
Table  114  for  the  similarity  values  for  the  two  replicates  at  each 
station. 

Table  114. COEFFICIENT  OF  ASSOCIATION  COMPARING  BENTHIC  MACROINVERTEBRATE 
SPECIES  ASSOCIATION  BASED  ON  TWO  REPLICATE  PONAR  SAMPLES. 

IOWA  ARMY  AMMUNITION  PLANT.  BRUSH  AND  SPRING  CREEKS. 

OCTOBER  1975. 

Stations  B3  B4  B5  B6  B8 

0.136  0.228  0.308  0.298  0.326 
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A decrease  occurred  in  mean  species  diversity  between  station  B3  and 
station  B4.  Diversity  then  increased  at  station  B5  where  the  remaining 
stations  showed  diversities  at  a similar  value  (Table  112;  Figure  106). 
Species  evenness  did  not  parallel  the  species  diversity  trend  (Table  113; 
Figure  106). 

Individual  species  data  from  replicate  samples  were  combined  and  compared 
between  stations  using  the  coefficient  of  similarity.  This  resulted  in 
the  recovery  zone  being  the  least  similar  to  any  of  the  other  four  stations 
(28  percent)  (Tablell^;  Figure  107).  Stations  B4  and  B5  were  most  similar 
at  66  percent,  which  is  a good  indication  that  the  industrial  wastes 
discharged  between  these  stations  are  not  drastically  affecting  the  macro- 
invertebrate population,  i.e.  under  favorable  conditions  proximal  stations 
are  expected  to  be  similar.  Station  B3  was  similar  to  stations  34-B5  at 
62  percent  and  to  station  B6  at  50  percent. 

Percent  dominance  of  benthic  macroinvertebrate  species  occurrence  at  the 
five  stations  mentioned  previously,  was  calculated  from  the  species  list 
in  Appendix  XIX.  There  were  three  taxa  that  comprised  52  percent  of  the 
population  at  station  B3.  These  were  Cricotopus  sp.  (30  percent), 
Hemerodromia  sp.  (12  percent)  and  Agria  sp.  (1C  percent). 

At  station  B4,  Cricotopus  sp.  decreased  to  17  percent,  while  Hemerodromia 
sp.  increased  to  38  percent.  A usually  uncommon  taxon,  Chrysops  sp., 
was  present  at  16  percent.  Thus  three  species  comprised  71  percent  of 
the  total  population  at  this  station. 

Three  taxon  present  at  station  B5  comprised  73  percent  of  the  total 
community  structure.  Chrysops  sp.  increased  from  16  percent  to  33  per- 
cert  and  became  the  dominant.  Co-dominant  was  Cricotopus  sp.  at  20 
percent  and  Hemerodromia  sp.  was  present  at  12  percent. 

Cricotopus  sp.  (39  percent)  was  the  most  dominant  taxon  the  four 
that  comprised  81  percent  of  the  macro invertebrate  population  at  station 
B6.  The  other  three  taxa  were  Chrysops  sp.  (16  percent),  Hvdropsvche  sp. 
(16  percent)  and  Hemerodromia  sp.  (10  percent). 
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At  station  B8,  four  taxa  comprised  76  percent  of  the  population,  with 
Hydropsyche  sp.  increasing  greatly  from  16  percent  to  45  percent.  Other 
taxa  present  in  ranking  order  were  Baetis  intercalaris  (11  percent) , 
Cheumatopsyche  sp.  (10  percent)  and  Microtendipes  sp.  (10  percent). 


To  summarize  Appendix  XIX, station  B3  had  15  total  taxa,  stations  B4  and  B5 
both  had  11  taxa  and  station  B6  had  18  taxa.  Twenty-eight  taxa  were  found 
at  station  B8,  which  is  the  recovery  zone  for  Brush  Creek. 


Discussion  of  Results 

Species  Occurrence  on  Artificial  Substrates (October  1975)  - 
Mean  benthic  macroinvertebrate  species  diversity  increase  with  distance 
downstream.  This  trend  is  similar  to  that  observed  during  the  May-June 
survey  however  the  increase  was  not  as  great. 


Species  diversity  did  not  parallel  any  specific  chemical  trend.  An 
important  shift  in  diversity  occurred  between  station  B7  and  station  B8 
where  a sharp  decrease  in  diversity  was  observed.  Cause  of  this  decrease 
between  the  two  stations  is  uncertain.  This  decrease  may  have  resulted 
from  the  natural  characteristics  of  the  creek  or  some  other  unknown 
inhibitory  factor. 


Species  occurrence  and  dominance  was  similar  between  the  stations  of 

Brush  Creek.  Stations  B2  and  B3  were  dominated  by  Polpomyia 

20 

tibialis  which  was  a facultative  species  . The  remaining  stations 

36 

had  taxons  that  were  intolerent  of  organic  pollution  , indicating  that 
the  industrial  effluents  were  not  greatly  affecting  the  benthic  communities. 


The  proximal  stations  on  Brush  Creek  were  similar  above  55  percent  except 
for  station  pair  B7-B8.  This  indicates  that  the  industrial  waste 
effluents  are  not  drastically  changing  the  species  complex  between 
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stations.  The  dissimilarity  between  stations  B7  and  B8  also  verifies 
the  sharp  decrease  in  diversity  mentioned  previously,  in  that  some  factor, 
i.e.,  natural  characteristics  of  thestream,  is  causing  a change  between 
the  two  stations. 

The  observations  seen  on  the  artificial  substrates  indicates  that  there  is 
very  little  effect  on  the  benthic  macro invertebrate  community  from  the 
industrial  waste  effluents.  However,  it  is  uncertain  why  station  B8, 
the  recovery  zone,  resulted  in  low  diversity  and  dissimilarity  to  its 
adjacent  station.  The  only  conclusion  to  be  made  of  this  occurrence  is 
that  some  inhibitory  factor (s)  is  affecting  the  macroinvertebrates  at 
this  station. 

Spring  Creek  species  diversity  increased  between  stations  SI  and  S2. 

The  low  diversity  at  station  SI  was  possibly  caused  by  siltation  of  the 
stream  bed  due  to  construction  work  upstream.  Taxa  that  occurred  at  both 
stations  were  facultative  to  intolerent  of  organic  pollution  . 

Species  Occurrence  on  Natural  Substrates  (October  1975)  - 
Ponar  samples  - Species  diversity  and  species  occurrence  of  benthic 
macroinvertebrates  from  ponar  samples  are  dependent  upon  the  chemistry 
of  the  sediments  because  they  are  in  direct  contact  with  the  soft  sub- 
strate of  the  creek.  Sediments  of  this  type  are  more  susceptible  to 
sorption  of  various  materials.  Mean  species  diversity  was  somewhat 
similar  to  that  observed  in  May-June  ponar  samples. 


Two  important  diversity  trends  occurred  within  Brush  Creek.  The  first 

*» 

was  a sharp  decrease  in  diversity  occurred  between  station  B2  and 
station  B4.  From  station  B4,  a sharp  increase  occurred  to  station  B6. 
This  trend  corresponds  to  the  sediment  TNT  levels  found  in  the  sediments 
Sediment  TNT  levels  were  greatest  at  station  B4  (110.6  mg/kg)  thus 
resulting  in  a very  low  diversity. 

I 

*- 

i 

L t 
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The  second  important  trend  in  diversity  was  the  decrease  that  occurred 
between  stations  B6  and  B8.  Low  diversity  at  station  B7  is  probably 
caused  by  the  domestic  waste  treatment  plant  upstream,  however,  it  is 
uncertain  why  station  B8  exhibits  a low  diversity.  This  is  very  similar 
to  that  observed  on  the  artificial  substrates  in  October  and  again 
indications  are  that  some  inhibitory  factor  is  adversely  effecting  the 
macroinvertebrate  population  at  this  station. 

Taxa  that  were  abundant  at  the  stations  of  Brush  Creek  were  primarily 

36 

intolerent  of  organic  pollution  . Lesser  important  taxa  that  comprised 

36 

the  station  communities  were  facultative  and  of  the  family  Chironomidae . 

Station  similarities  were  high  except  between  B6  - B7  and  B7  - B8.  This 
is  the  area  where  diversity  decreased  greatly  and  did  not  correspond  to 
any  chemical  trend  specifically.  Again,  indications  suggest  that  an 
inhibitory  factor  is  causing  these  two  stations  to  be  different. 

Mean  species  diversity  increased  between  stations  SI  and  S2.  Construction 
work  upstream  had  increased  greatly  since  May-June  and  the  sediments  at 
station  SI  were  heavily  silt-covered  probably  causing  the  low  diversity. 
The  dominant  taxa  at  station  SI  comprised  a larger  percent  of  the 
community  than  what  was  observed  at  station  S2. 


Surber  square  foot  samplers  - Mean  species  diversity  from  the  surber 
samples  shifted  significantly  between  stations.  This  was  shown  by  the 
analysis  of  variance  test  where  F (.95)  for  the  samples  was  5.63  and 
hypothetical  F (.95)  was  5.62.  The  greatest  shift  in  diversity  was  a 
decrease  at  station  B4  which  corresponds  to  the  high  aqueous  and 
sediment  TNT  levels  found.  However  diversity  was  still  fairly  high. 

Taxa  that  occurred  at  the  stations  were  primarily  intolerent  of  organic 
36 

pollution  . Proximal  stations  were  also  similar  above  the  50  percent 
level.  It  can  be  concluded  that  the  riffle  area  with  its  harder 
substrate  was  least  effected  by  the  industrial  waste  effluents. 
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Observed  trends  during  the  October  survey  period  indicated  that  the  benthic 
macroinvertebrate  communities  were  most  effected  by  the  industrial  effluents, 
when  in  contact  with  the  soft  sediments  (ponar  samples) . The  artificial 
substrates  (second  closest  to  the  soft  sediments)  showed  a small  effect 
while  the  riffle  areas  (surber  samples)  showed  no  change.  However  it 
was  indicated  through  both  artificial  and  ponar  samples  that  some  inhibitory 
factor  was  creating  a change  in  the  benthic  community  at  stations  B7  and 
B8.  This  was  the  same  trend  as  observed  during  the  Spring.  The  conclusions 
which  can  be  drawn  from  the  two  surveys  are: 

1)  Benthic  macroinvertebrate  species  and  species  diversity  were 
most  effected  by  the  industrial  waste  effluents  when  in  direct 
contract  with  the  soft  sediments  and  least  effected  when 
associated  with  harder  sediments. 

2)  Species  diversity  of  the  benthic  macroinvertebrates  indicated 
some  inhibitory  factor  was  present  at  stations  B7  and  B8.  This 
cannot  be  explained  due  to  the  absence  of  toxicological  data 
with  respect  to  these  compounds  on  such  organisms.  This  was 
also  observed  in  1974  ^. 
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